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school students opportunities to explore concepts and processes in 
■any science-*related careers. The broad areas covered are biology, 
chemistry, physics, and earth science. E^^ch area is divided into 
sub-topics vith individual lessons that -span junior and senior high 
school science activities. Biology includes ecology, genetics, 
aicrobiology, zoology, botany, and human biology. Chemistry examines 
both the structure and behavior of matter, chemical families, nuclear 
energy, organic chemistry, and measurement. Physics contains lessons 
in motion, energy, and mechanics. Lessons^i^ earth science are 
concerned with earth, ancient earth history, atmosphere-weather, 
water and supply, determination of places and times, and astronomy. 
Each unit or sub-topic lists all possible careers relevant to that 
area, and each lesson is organized into grade level, activity, 
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application section. A bibliography concludes the guide. (JB) 
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CAREER STATEMENT 
The basic knowlcoqc or THt world in which we Live is UNoenQOiNQ an 

exCITING CHANCe AS A OIReCT ReSULT OF THe BReAKTHItOUGHS IN ALL SCieNTIFiC 

rtCLOs. BecAUse or this iNCReAseo iHPORTANce or scieNce and recHNOLOOY in 

OUR TIMCS, AN UNOeRSTANDINQ Or THe rUNDAMeNTAL PRINCIPLeS UNOeRLYlNQ MOOeRN 

scieNce IS esseNTiAL roR all STuoeNTs* 

Junior high school is orreN THe starting point rOR STUoeNTS who eLecT 
scteNTiric CARetRS in later Lire* HoweveRj Tne contcnt and pRocesses or 
scieNce CAN ae useo to cHALLeNGe and ruRTneR a STUoeNT^s uNoeRSTANDiNG or 
scieNce^ ReGARDLCSs or his ru'URe vocational or PRoressiONAL plans* Qe* 
CAUse or Tne impact or scieNce on Tne reRSONAL, social, and cconomic Livtt 

or ALL ^COPLE IN OUR COUNTRY, A SCieNT iri CALLY LITeRATe CITIZeNSHIP IS 

esseNTiAL* 

It is IMPORTANT THAT OUR SCHOCLS MAKe SCieNCC AS HCANINGrUL AS POSSIBLE 
TO ALL STUOeNTS* ONe Or THe MOST MeANlNGrUL WAYS TO TeACH SCICNCe IS TO Re* 
LATe IT TO THe OCCUPATIONS THAT NeeO TO HAVe A BASIC UNDeRSTAND 1 NG Or SCieNCe» 
Tne UNITS OR ACTIVITieS in THIS dOOKLer ARe PRACTICAL eXAMPLeS or THE MANY 
DUTIES AND RESPONSIBI LIT leS INVOLVeO IN A PARTICULAR CAReER OR CAReeRS DeAL* 

ing with science* 

Merlin S* Olson, Director 
Career Education 



INTRODUCTION 

Have you ever been asked by a student, "Why do I need to know 

.THIS?" If you have, then you will riND THIS BOOKLET HELPFUL. 

Our purpose was to show that the activities we teach really 

00 relate to careers, and that these activities Give OUR STUDENTS 

opportunities to explore concepts and processes in many science- 
related CAREERS. 

This publication is an attempt to put together a few select 
activities that represent skills related to careers. These activi- 
ties were drawn from a cross-section of materials used in grades 
7-12. Our main intent was not to write new activities but to re- 
late existing activities to CAREE.'^S. 

UNIT — CAREERS ACTIVITIES 

Initially the objective was to identify the units covered in 
all areas of science 7*12; secondly a number of careers were placed 

IN EACH unit; and FINALLY ALL PRESENT ACTIVITIES WERE SCREENED TO 

provide exploration in those related to careers, 

The uses, and examples of the everyday application of the prin- 
ciples OF sciences help teachers and their students better appreciate 

THE practical VALUE OF EDUCATION, 

This booklet represents only the first step in a series of steps 

MEANT TO encourage SCIENCE TEACHERS TO BECOME MORE REALISTIC IN THEIR 
APPROACH TO CAREER-RELATED ACTIVITIES WHICH SHOULD END FOREVER THE 
TRADITIONAL LAMENT OF THE YOUNG PERSON, 'VhAT GOOD IS IT?" 
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The total science programs in grades 7-12 for School District #1j 

ARE COVERED IM THE BROAD CATEGORIES WHICH INCLUDES BIOLOGY, EARTH 
SCIENCE, CHEMISTRY AND PHYSICS* FOR CLARITY AS TO THE UNITS TAUGHT 

we subdivided each subject into various topics. many of these are 
explored at various depths from junior high through high school. 
They are listed below. 



BIOLOGY 

A. ECOLOGY 

B. GENETICS 

C. MICROBIOLOGY 

D. ZOOLOGY 

U INVERTEBRATE 
2. VERTEBRATE 

E. BOTANY 

F* Human Biology 

1. Anatomy 

2. Physiology 
CHEMISTRY 

A. STRUCTURE OF MATTER 

B. BEHAVIOR OF MATTER 

C. CHEMICAL FAMILIES 

D. NUCLEAR ENERGY 

E. ORGANIC CHEMISTRY 

F. MEASUREMENT 



PHYSIC S 

A. MOTION 

B. ENERGY 

U OPTICS 

2. ELECTRICITY 

3. HEAT 

4. CHEMICAL 
3* NUCLEAR 
0» SOUND 

C» MECHANICS 

EARTH SCIENCE 

A. EARTH AND WHAT IT*S 

MADE OF . 
B» CHANGES IN THE EARTH's 

SURFACE 
C» ANCIENT EARTH HISTORY 

D. ATMOSPHERE-WEATHER 

E. WATER AND SUPPLY 

F» LOCATING PLACES AND 

KEEPING TIME 
G» ASTRONOMY 



In order to emphasize all the many careers, we have LISTED EVERY 
POSSIBLE LEVEL OF OCCUPATION INTO EACH OF THE SUBDIVISIONS FROM THE 
ABOVE TABLE, WE FEEL THAT TOO OFTEN STUDENTS ASK, "WHY DO I NEED 
THIS?" AND FOR THAT REASON WE WANTED TO BE AS COMPLETE AS POSSIBLE, 
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BIOLOGY - ECOLOGY 



Biologist 

Engineering Technician 
Landscape Architect 
Occupational Therapist 
Recreation Leader 
Sociologist 

Teacher secondary^college 
Urban Planner 
Travel Agents 
Agribusiness Technician 
Dairy Production Technician 
Farmer 

Fish Culture Technician 
Forestry aid & Forest Product 

Technician 
Orchard Technician 
Parks Land Management Technician 
Soil Conservationist 
Carpenter 

Stationary Engineer 



Chemist 

Geography 

Life Scientist 

Psychologist 

Social Worker 

Elementary Teacher 

Technical Writer 

Veterinarian 

Real Estate Salesmen 

Agriculture Extension Worker 

Farm Crop Production Technician 

Fish & Wildlife Technician 

Forester 

Livestock Production Technician 

Horticulturist 
Range Management 
Soil Scientist 
Cement Mason 



ECOLOGY 
Uv£l: Junior High 



ACTIVITY: Estimating Populations 

Materials: Paper cup filled with white beans 

(per team) Red beans 10 

Procedures : 

A. (hand out to each t^am a cup of white beans.) Try to plan 

TWO OR THREE METHODS FOR ESTIMATING THE NUMBER OF BEANS 
WITHOUT COUNTING ALL OF THEM, WRITE OUT BRIEF DESCRIPTIONS 
OF THE METHODS AND NUMBER THEK IN YOUR NOTEBOOK* USE EACH 
ONE TO MAKE AN ESTIMATE^ AND RECORD THE RESULTS IN A CHART 
SIMILAR TO this: 





Procedure A 
(your methods) 


Procedure B 
(population** 

CENSUS method) 


Procedure C 
(actual count) 


1 


2 


3 


Number of beans 






! 
t 





J 



B. A POPULATION-CENSUS METHOD IS USED BY ECOLOGISTS WHO MUST 
ESTIMATE SIZES OF CERTAIN POPULATIONS, In USING THIS METHOD^ 

the biologist adds some marked individuals to a population. 
He assumes that the marked animals will mix with the animals 
already there. applying this method here^ you would add 

10 RED BEANS TO THE CUP OF WHITE BEANS. ThEN YOU WOULD MAKE 
SURE THAT THE BEANS ARE WELL MIXED, A SAMPLE OF B£AN5 SHOULD 
CONTAIN ABOUT THE SAME RATIO OF RED BEANs/wHiTE BEANS THAT THE 
WHOLE CUP OF BEANS HAS. SUPPOSE A SAMPLE OF 20 BEANS^ CON-* 
TAfNlNG 2 RED BEANS AND l8 WHITE ONES^ IS TAKEN. HERE 
THERE IS A RATIO OF 2/l8. You ALREADY KNOW THAT THERE ARE 
10 RED BEANS IN THE CUP* FrOM THIS INFORMATION YOU CAN 

SET UP AN equation: 

2 RED = 10 RED 
l8 WHITE X WHITE 

X STANDS FOR THE TOTAL NUMBER OF WHITE BEANS* By SOLVING 
THE EQUATION (FINDING THE VALUE OF X)^ YOU WILL LEARN THAT 
THE CUP CONTAINS ABOUT 90 WHlTE BEANS— -WI THOUT HAVING TO 
COUNT THEM. 

2 X = l80 (10 TIMES l8) 
X = l80 = 90 WHITE BEANS 
2 

Try this method^ and enter the results in your chart* 

C, Count the white beans one by one. Compare the count with 

YOUR various estimates. 

Interpretation: Which method of estimating dId you find most accurate? 
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ECOLOGY 
Level: Junior High 



ACTIVITY: Pond Succession Activities 
Proceoures: 

A. Take stuoents on a pielo trip to observe changes in a local 
POND. If possible find a pond wHicB is being fed by a fast 
stream so a comparison can be maoe about two different en* 
vtronments* a f£w of the activities on succession which 
could be donc: include: 

(a) Sample a strip across a pond to nearby high land, 
identify the plant zones and prepare a profile of the strip* 

(b) Have students discuss and report back what Grandparents 
or parents remember about changes which have occurred in 

THE AREA* 

(c) Take soil samples from different places in the pond and 

MAKE AN analysis OF WHAT SEDIMENTS /!)E FOUND? WhAT IS THE 
SIZE OF THE SEDIMENT? WhAT DDES TH Is . I ND| CATE ABOUT THE 

rate df succession in this area? 

(d) Possible questions for discussion could include: 
u how ddes a pond change to dry land? 

2. Hdw long does it take? What determines the length of time 
required? 

3* In what ways can you predict the length of time required? 
k. What are the stages of succession in a pond? WhAT indIca* 

TIONS DO YDU SEc OF THESE STAGES? 
3« How is animal life DF A POND AFFECTED BY THE CH>\NGE? 

6. Hdw dd the activities of man affect the rate of filling 

DF A POND? 

7* How DDES A CHANGING ENVIRONMENT AFFECT THE ORGANISMS 
OF THAT AREA? 

(e) If possible take another field trip to an older pond 

WHICH SUPPORTS MORE PLANT GROWTH* MAKE COMPARISONS DF THE 
TWO PDNDS* 
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ECOLOGY 
Level: Junior High 



ACTIVITY; Fielo Studies of a Grassland Area 



Materials: ' Thermometer 
Lao sheets 

METERr^TlCK 



Mouse traps 
Peanut butter 

Grass & WEED iDENTtriCATtON 

GUIDES (county AGENT HAS SEVERAL 

TYPES FOR Wyoming) 



To THE Teacher: This activity is done out in the field so that some 

FIELD techniques IN BIOLOGY CAN BE INTRODUCED^ It IS BEST TO FIND 
A FIELH WI^ICH HAS NOT BEEN PASTURED OR USED BUT ANY GRASS FIFLD 
CAN BE USEP« If not IN A REGULAR GRASSLAND AREA BE SURE STUDENTS 
ARC AWARE YOU ARE WORKlNC NOT WITH A NATURAL BIOME IN THAT AREA* 

For the trapping exercise I use regular mouse traps but live traps 

WOULD BETTER SO AS NOT TO UPSET THE NATURAL BALANCE. ThIS ACTIVITY 
SHOULD INCLUDE 2 OR 3 DAYS AT LEAdT IN THE FIELD, FiRST TO IDENTIFY 
THE PHYSICAL AND BIOT|C ENVIRONMENT; SECOND TO STUDY FIELD TRAPPING 

AND ON Third day, no ?pEc:r!c t.tudy of a specific area of the grass** 

LAND. 

Procedures: 

A. Have students spread out from a point and investigate and 
answer the following information on the physical environment* 

Location of study: 

Date: T emperature : 

V/iND direction: Amount est* 

Time of day: ^ ^ Cloud condition s 

Soil corpiTiONs; 

What is the nature of the soil? (dark oh light) (sandy, clay or loam) 
Indicators as to how much v/ATf:R is available: 



Is THE ARFA WCLL DRAINED? ^HOW CAN YOU TELL? 



The teacher should demonstrate how to test soil type by taking handful 

AND SQUEtZiNG IT TO SEE IF IT STICKS TIGHT (cLAy), LOOSE (sANd) OR IN 
BETWEEN* 

B# Investigate the general biotic community in the area* Answer 
the following from your observations: 

is there a great variation in plant types between wet and dry areas? 

Are there any wood plants present? ^ 



ERIC 



12 




Are there any signs of mammals? 



If so^ what? 



What invertebrates do you find? 



Name two dominant punts of grassland? 



Name two dominant animals of grassland* One vertebrate and one 



Cm Before leaving the area have ^ mouse traps available for 

EACH TEAM. HAVE THEM BAIT THE TRAPS WITH A SMALL AMOUNT 
OF PEANUT BUTTER, DETERMINE A STARTING LANDMARK THEN 
DISPERSE TEAMS IN A FAN SHAPE FROM THAT POINT. GET STUDENTS 
TO SELECT A LANDMARK SO THEY CAN WALK TOWARD IT !!• A STRAIGHT 

LINE* Have them placc traps 20 paces apart in a straight 
LINE. Teacher will probably have to demons^^^ate how traps 
are set. On the second day first have students pick up 
traps and answer the following: 

(a) How many mice did you catch ? 

(b) How many traps were sprung but had no mice ? 
Investigate the area for tracks of other animals* Do you 

BELIEVE YOUR TRAP WAS SPRUNG BY A MOUSE ? If NOT, 

WHAT SPRUNG IT AND WHY DO YOU BELIEVE THIS? 



Collectively gather all information and determine an estimated 
mouse population for the area. 

(c) to what people would this kind of hiformation be important 

TO? 

Study skins can be made from mice caught after you return 
for those students who want to. 



D. Establish a square in the grass 30 centimeters square. 

Using your guide keys, identify the different kinds of plants 

YOU FIND in your SQUARE AND LIST THE NAMES ON YOUR DATA 

SHEET, (see below) AnY YOU CAn't IDENTIFY NUMBER IT AN UNKNOWN 

AND COLLECT A SAMPLE TO KEY OUT WHEN YOU GET BACK TO CLASS* 

Now COUNT ALL THE PLANTS OF EACH DIFFERENT KIND YOU FIND ON 

YOUR PLOT AND PUT IT ON YOUR DATA SHEET. THE REST OF THE 

DATA SHEET CAN BE FINISHED IN CLASS OR HOME. YoUR TEACHER WILL 

EXPLAIN HOW TO FIND J2 OF AREA. 



INVERTEBRATE. 



AND 



pROCEDUriES: 



Procedures: 
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DATA SHEET 

Student ; ^ Date : 

Vegetational 

Local i ty : type : 



Soil Type: 



« Sp<!C|£S 


No. 


% Area 


Growth 

TYPE* 


Impor- 

1 TANCE** 


i HEIGHT 






1 


1 i ^ 



* Growth type: A^annual herb; p=p£rennial herb; s^shrub; t=tree. 



Importance: d=oominant; c=common; u=uncommon; r=rar£. 
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ECOLOGY 
Level: High School 



ACTIVITY: Interrelationships of Producers and Consumers 
Introduction : 

In nature there are so many varying conditions in the surroundings 
that it is often diff cult to determine which variables affect what 

WE OBSERVE AND WHICH DO NOT. OnE WAY TO DECREASE THE NUMBER OF THESE 
VARYING CONDITIONS IS TO PLACE ORGANISMS IN CONTAINERS AND THEN 
SEAL THEM OFF FROM THE ATMOSPHERE, 

PUPOSE : 

The purpose of the exercise is to obtain data that will enlarge 
OUR understanding of the relationships between producers and con- 
sumers—especially their place in the carbon cycle. 

Background Information: 

An indicator is a substance that shows the presence of a chemical 

SUBSTANCE BY CHANGING COLOR. BrOMTHYMOL BLUE IS AN INDICATOR THAT 
CHANGES TO A GREEN COLOR IN THE PRESENCE OF AN ACID. CARBON DIOXIDE 
(COg) IS A GAS THAT FORMS AN ACID WHEN DISSOLVED IN WATER. THEREFORE, 
IN THIS EXPERIMENT BROMTHYMOL BLUE CAN USED TO INDICATE, INDIRECTLY, 
THE PRESENCE OF COg. 

Materials: 

Screw-cap culture tubes, 20 x 150 mm Test-tube rack, 1 

^-OR-LONGER, k SMALL WATER SNAILS, 2 

Elooea (Anarcharis), 2 pieces BrOMTHYMOL blue solution 

Container of melted paraffin Pond water 

Glass-marking crayon, 1 

Procedure : 

Number the screw-cap culture tubes from 1 to 4. 

Fill each tube with pond or aquarium water until the wa*iEr sur- 
face IS APPROXIMATELY 20 MM FROM THE TOP. AdD 3 TO 5 DROPS OF 
BROMTHYMOL BLUE SOLUTION TO EACH TUBE. TO TUBE 1 ADD A SMALL SNAlLj 

TO Tube 2 add a small snail and a leafy stem or elodea; to Tube 3 
add elodea only; do not add anything to tube 4. 

Place a cap on each tube and screw it down tightly. Dip the 
cap end of each tube in melted paraffin. after allowing the para- 
ffin to cool and harden, test the seal by turning the tubes upside 

DOWN FOR ABOUT FIVE MINUTES. ThERE SHOULD BE NO LEAKAGE. 

If all tubes are watertight, place them in strong, indirect 

LIGHT — NOT DIRECT SUNLIGHT. MakE OBSERVATIONS EACH MORNING AND AFTER- 
NOON. Record any changes in the color of the indicator (bromthymol 
blue) and in the condition of the plants and snails. 

Discussion: 

In which tube did the organisms die first? (1) Since these organ- 
isms usually SURVIVE WELL IN AN AQUARIUM OR POND, WE MIGHT SUSPECT THAT 
BEING CUT OFF FROM AIR MIGHT HAVE HAD SOMETHING TO DO WITH THEIR DEATH. 
WHAT SUBSTANCE IN AIR MAY HAVE BEEN NEEDED? (2) ANOTHER POSSIBILITY IS 
THAT DEATH MAY HAVE RESULTED FROM THE ACCUMULATION OF A POISONOUS 

o i 15 



Discussion (cont*) 

MATERIAL IN THE WATER. WhAT DOES THE INDICATOR SHOW? (3) NoW RECALL 
WHAT YOU HAVE READ ABOUT PHOTOSYNTHESIS AND THE CARBON CYCLE. UsiNG 
THIS INFORMATION AND YOUR ANSWERS TO THE PREVIOUS QUESTIONS^ EXPLAIN 
THE DATA YOU RECORDED WHILE OBSERVING THE bTHER TUBES THAT CONTAIN 
ORGANISMS. {k) Did the INDICATOR CHANGE COLOR IN TUBE 4? ir SO^ 

how might you explain this (keeping in mind the source or the water )? 
(3) Considering this exercise as an experiment^ what would you call 
Tube 4? (6) What results might you have expected ir all tubes had 

BEEN KEPT IN TOTAL DARKNESS? (7) 
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ECOLOGY 
Level: High School 



ACTIVITY: Development of Organisms in a Community 
Problem; 

The population of plants or animals in a community will change as the 
environmental conditions change. V/hAt kinds of organisms will appear 
as a community of living organisms begins to develop? 

Materials: 

One-gallon wioe-mouth glass jar or battery jar, glass cover plate^ 
eye drf^pper^ microscope or m i cropro jector , microscope slides and 
cover glasses* 

Procedure: 

Wash the glass jar in warm soapy water and rinse thoroughly. 
Fill the jar about half full of grass and leaves collected from a 
dried-up ditch or pond, and fill the jar with cool pond water that * 
has been filtered and boiled. cover the jar with the glass plate 
so that air can get in, and leave the jar i n a lighted place but 
not in direct sunlight dr near a radiator. 

Observe the material in the jar daily for the appearance of a 
cloudy scum, either on top of the water or on the leaves or grass. 
Each day, place drops of the water, taken from the top, sides, and 

BOTTOM OF THE JAR, ON A CLEAN GLASS SLiDE AND EXAMINE UNDER THE LOW 
AND HIGH POWERS OF THE MICROSCOPE OR M I CROPRO JECTOR . BE SURE TO 
ADJUST THE LIGHT CAREFULLY, AS SOME TINY ORGANISMS MAY NOT BE SEEN 
OTHERWISE, 



Observations: 

Record the type of organisms observed in the following table. 



Number of 
Days 


Types of Microscopic 
Plants 


Types of Microscopic 
Animals 


2 






4 






6 






ft 






10 







Interpretation: 

Fill in the blank v/ords in the following paragraph in the numbered 
spaces at the right. 



The study of the relationship of living organisms to^ 
Their environment is known as (l). The environment af- 
fecting LIVING ORGANISMS DEPENDS ON SUCH FACTORS AS (2)?- 

(3), AND (4). The natural environment in which a par- \ 

TICULAR FORM OF LIFE IS FOUND IS CALLED ITS (5)> AND 

THE TOTAL NUMBER OF EACH KIND OF ORGANISM PRESENT MAKES - 

UP A (6). All the plants and animals living together 5. 

IN ONE KIND OF HABITAT MAKE UP A (j)* S|NCE ANIMAL LIFEg 
MUST HAVE FOOD ON WHICH TO LiVE, THE FIRST ORGANISMS 

17 
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THAT DEVELOPED IN THE COMMUNITY IN THIS EXPERIMENT WERE3 
ONE-CELLED (8)» ThE NEXT GROUP OF ORGANI SMS TO^APPEAR 
WERE PROBABLY OnE-CELLED (9)t WhEN^ThE COMMUNITY CON- 9. 
TINUED WITH LITTLE CHANGE- OF ITS LIVING ORGANISMS FOR 
A LONG PERIOD OF TIME, IT IS CALLED A (lO) COMMUNITY, ' • 



Application: 

The plants and animals in any community of living, organisms are 

DEPENDENT ON EACH OTHER. MaKE A DIAGRAM TO SHOW THE FOOD CHAIN 
AMONG THE DIFFERENT ORGANISMS OBSERVED IN YOUR EXPERIMENTAL COM- 
MUNITY. 



Why is it important for someone working in agriculture to know 

WHAT a FOOD CHAIN IS? 



There are many other occupations where food chains would be useful. 
Name several. 
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ECOLOGY 
LevcL: High School 



ACTIVITY: Pollutants in the Air 
Problem : 

The air around us contains many pollutants^ such as bacteria^ dust 
particles^ and chemical substances, how can you determine the 
amount of dust particles in the air? 

Materials: 
Sticky flypaper 
Small boxes 
Magnifier 

Directions: 

Cut 2" x 2^' squares of flypaper and put each square in a small 

BOX WITH THE STICKY SIDE UP, CoVER ONE BOX AND LEAVE THE OTHER BOX 

OPEN. Place both boxes on an outside window ledge where they will 

NOT be blown away. PuT A FRESH PIECE OF FLYPAPER IN THE BOXES 
EVERY DAY. EXAMINE THE FLYPAPER SQUARES WITH A MAGNIFIER DAILY. 
(You MAY WISH TO USE LOW POWER ON THE MICROSCOPE TOO ) 



Observations: 

Fill in the following table to determine how the number of dust 
particles in the air changes day by day, 



Day 


Number of Dust 
Particles on 


Number of Dust 
Particles on 

Cpvcrec Paper 


Average Number 
OF Dust Particles 
m AiA... ... - - 


First 








Second 








Third 








Fourth 








FIFTH 









Interpretation: 

Fill in the blank words in the following paragraph in the numbered 
spaces at the right. 

The air we breathe contains many harmful sub- ^ 

STANCES KNOWN AS (l). ThESE ARE USUALLY THE RE- ' " 

SULT OF man's conversion OF (2) INTO (3)« In MANY ^ 

LARGE cities^ AIR POLLUTION IS RESPONSIBLE FOR THE ^ 

FORMATION OF (4) WH I CH IRRITATES THE EYES AND > 

BREATHING PASSAGES, ThIS CONDITION MAY BE PRODUCED k 

WHEN CERTAIN (5) ARE RELEASED BY THE EXHAUST FROM c 

AUTOMOBILES AND ARE ACTED UPON BY (6) BY MEANS OF ^ - ■ ■ ■ 

A (7) REACTION. ThE ATMOSPHERIC CONDITION MOST O 



IS 



LIKELY TO PRODUCE THIS TYPE OF AIR POLLUTION IS A 8 

LAYER OF (8) AIR WHICH KEEPS THE AIR NEAR THE ' 
GROUND FROM (9). THE EFFECTS OF AlR POLLUTION ARE 

MOST SEVERE ON PEOPLE SUFFERING FROM (lO) DISEASES. 10 



Application: 

Many homes and buildings today, are, air- condit-ioned* Explain why 
air conditioning makes these places more comfortable to be |n and 
the air more suitable for breathing^ 



What careers might need to know how to clean up polluted air? 



What effect will a thermal inversion have^ if it occurs in a heavy 
industrial area^ on persons already having respiratory difficulties? 
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ECOLOGY 
UvEt: High School 



ACTIVITY: Percentage of Oxygen jn Air 

Purpose: To find the percentage of oxygen in a sample of air. 



Material: Phosphorus method: 

Battery jar 

Buret clamp 

30 ml metric ruler 

Thermometer 

Phosphorus^ white 

Pyrogallic acid method: 

Balance^ platform 

Eudiometer, ^0 ml 

Rubber stopper, solid No, 0 

Solution of sodium hydroxide (UO M). 



Clamp 
Eudiometer 
Ring stand 

Copper wire, bare. No, i6, 6o-cm 

LONG 



Battcry jar 
Graduated cylinder 
Pyrogallic acid 



Introduction: 

If a volume of air is measured accurately and then the oxygen 

REMOVED BY CHEMICAL MEANS, THE PERCENTAGE OF OXYGEN IN THE ORIGINAL 
SAMPLE MAY BE COMPUTED EASILY. WhITE PHOSPHORUS UNITES READILY WITH 
OXYGEN AND FORMS A WHITE SMOKE OF D I PHOSPHORUS PENTOXIDE. ThE WHITE 
SMOKE GRADUALLY SETTLES AND DISSOLVES IN THE WATER, ThC VOLUME OF 
GAS REMAINING, SUBTRACTED FROM THE ORIGINAL VOLUME OF AIR, GiVES; 
THE VOLUME OF OXYGEN REMOVED* 

An alternate method that gives quickcR results is to add A 

MIXTURE OF PYROGALLIC ACID AND SODIUM HYCROXIOS SOLUTION TO A MEA^ 
SURED VOLUME OF AIR CONTAINED |N A STOPPERED EUDIOMETER. Th I S MIXTURE 
RAPIDLY UNITES WITH THE OXYGEN IN THE AlR, ThE STOPPERED TUBE IS 
INVERTED A FEW TIMES TO MIX THE CHEMICALS THOROUGHLY WITH THE ENCLOSED 

AIR. The stoppered end is then thrust under water in a battery jar. 

As SOON AS THE STOPPER IS REMOVED, WATER IS FORCED IN TO TAKE THE 
PLACE OF THE flEMOVED OXYGEN. ThE VOLUME OF GAS REMAINING IN THE TUBE, 
SUBTRACTED FROM THE VOLUME OF AIR USED, GIVES THE VOLUME OF OXYGEN, 



Procedure: Phosphorus Method 

Add SUFFICIENT WATER TO A 50-ML EUDIOMETER SO THAT 40 TO 5O 
ML OF AIR WILL BE ENCLOSED WHEN THE TUBE IN INVERTED IN A BATTERY 
JAR OF WATER. It IS A GOOD PLAN TO FILL SEVERAL LARGE VESSELS WITH 
WATER THE DAY BEFORE THE EXPERIMENT, SO THAT THE WATER WILL BE AT 
ROOM TEMPERATURE. DETERMINE ACCURATELY THE VOLUME OF AIR ENCLOSED 
IN THE EUDIOMETER. MEASURE THE DIFFERENCE IN WATER LEVELS, IF ANY, 
IN MILLIMETERS. RECORD THE TEMPERATURE OF THE WATER AND ALSO THE 
BAROMETER READING IN THE ROOM. COMPUTE THE VOLUME OF DRY AIR EN- 
closed at s.t.p. 

Cut a stick of phosphorus under water so as to get a piece with 

FRESHLY CUT SURFACES THE SIZE OF h SMALL BEAN. CAUTION: tX) NOT 

HANDLE PHOSPHORUS WITH THE FINGERS. Thrust one end of a flexible, 

BARE, COPPER WIRE, ABOUT 6O CM LONG, INTO THE PIECE OF PHOSPHORUS 
WHILE IT IS STILL UNDER WATER. No,/ PUSH THE WIRE, WITH THE PHOS- 
PHORUS ON THE END, UP INTO THE EUDIOMETER TO WITHIN SEVERAL CENT- 
IMETERS OF THE TOP. OBSERVE THE REACTION WHICH BEGINS AT ONCE. 

Allow at least 24 hours for react ion to be completed. 
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Initial Data 

Volume of air enclosed in eudiometer ml 

Difference in water levels mm 

Equivalent difference in levels in mm of mercur mm 

Temperature oc 

Barometer reading « mm 

v^ter vapor pressure mm 

Volume of dry air enclosed at S.T.P ml 



Final Data 

Volume of gas remaining ml 

Difference in water levels mm 

Equivalent difference in levels of mm of mercury mm 

Temperature. 

Barometer reading mm 

Water vapor pressure o mm 

Volume of gas remaining at S.T.P ml 

volwe of dry og removed ^ ml 

Percentage of in sample of air taken fi 

Accepted percentage of O2 in air « % 

Percentage error ft 

When the white smoke has disappearcdj remove the copper wi re^ 
measure the difference in levels, and read the volume of the gas 
remaining. record the temperature of the water and the barometer 
READING. Compute the volume of dry gas ri^maining at S^T.P, 



Procedure: Pyroqallic Acid Method 

Exactly ml of air will be taken as the sample in this method^ 
That volume or sodium hydroxide solution will Bt used which is just 
equal to the volume between the ^d^ml mark on the eudiometer tube 
and the bottom of the rubber stopper which is used to close it. 
This volume is easily determined as follows; (1) Fml the tube 

WITH WATER TO THE 5O-ML MARK. (2) InSERT THE RUBBER STOPPER. (3) 

Invert the tube and read from the graduations the volume of air 

WHICH WAS between THE ^O-ML MARK AND THE STOPPER BEFORE THE TUBE 
WAS INVERTED. ThIS IS THE VOLUME OF SODIUM HYDROXIDE SOLUTION TO 
USE WITH THE TUBE. (k) EmPTY THE WATER OUT OF THE TUBE. 

Add G OF PYROGALLIC ACID POWDER TO THE TUBE. ACCURATELY 

MEASURE IN A GRADUATED CYLINDER THE REQUIRED VOLUME OF SODIUM HY* 
DROXnE SOLUTION AND POUR IT INTO THE TUBE. QUICKLY CLOSE THE TUBE 
WITH THE RUBBER STOPPER. INVERT THE TUBE A FEW TIMES TO MIX THE CON* 

TENTS, Place the stoppered end of the tube under water in a battery 

JAR AND THEN REMOVE THE STOPPER. NOTE HOW THE WATER IS FORCED IN 
TO REPLACE THE OXYGEN. ALLOW THE TUBE TO COOL FOR A FEW MINUTES. 
Now RAISE OR LOWER THE TUBE SO THAT THE LEVEL OF WATER IN THE TUBE 
IS THE SAME AS THAT IN THE BATTERY JAR. ReAD THE VOLUME OF GAS 
REMAINING IN THE TUBE. It IS NOT NECESSARY TO CORRECT THE GAS TO 
S.T.P. IN THIS METHOD BECAUSE THE OPERATIONS ARE ALL DONE WITHIN 
A FEW MINUTES. ThE VOLUME OF GAS REMAINING^ SUBTRACTED FROM THE ORIG- 
INAL VOLUME OF AIR, ^0 ML, GIVES THE VOLUME OF OXYGEN. ThE VOLUME OF 
OXYGEN DIVIDED BY THE VOLUME OF THE SAMPLE TAKEN AND MULTIPLIED BY 
100 % WILL GIVE THE PERCENTAGE OF OXYGEN IN AIR. REPEAT THE EXPERI- 
MENT SEVERAL TIMES UNTIL CONSISTENT RESULTS ARE OBTAINED. 
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DATA TABLE 



1 2 3 

Volume of gas remaining ml hl hl 

Volume of oxygen removed.* ml ml ml 

Percentage of oxygen « % % fi 

Accepted percentage of oxygen in air ^ % % 

Percentage error... % % % 
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ECOLOGY 
LeveL: High School 



ACTIVITY: Noise Activity 



^4aterials: 
Oscilloscope 



Small 3*^ inch speaker 



Decibelmeter (available from city 

offices) 
Stethoscope 
Sphygmomanometer 
Audiometer 



SOUND TAPES ( VARIOUS SOUNDS 
SUCH AS AIRPLANES^ HI WAY 
TRAFFIC^ JACK HAMMERS^ CITY 

noises) 



3-^ TAPE RECORDERS 



Procedures: 

A. Set up oscilloscope with the small speaker connected to show 

vertical interference. 
6» Talk into the speaker while outlining direction of activity* 
Z. Use decibelmeter to show the various readings. 
D» Check heart beat and blood pressure of some students now to 

SHOW THE NORMAL* RECORD* 

E» Turn on at full volume the sound recordings and have students 

TRY TO READ SOME PREPARED INFORMATION RELATING TO SOUND* WhILC 
THIS IS BEING DONE CHECK THE BLOOD PRESSURE AND HEART BEAT 
LEVELS AGAIN* 

Questions: 

1* How DOES noise differ from sound as seen on the oscilloscope? 

2* What differences did you discover on blood pressure and heart 
beat before and during the demonstration? 

3* What effecis might this have if you were subjected to long periods 

OF intense noise on your MENTAL WELL BEING? 

If* What careers would you expect would encounter loud disturbing 

NOISES? 

3* There are several careers devoted to working with dampening 

NOISES OR PRODUCING PLEASING SOUNDS* CAN YOU THINK OF SOME? 

6* how do continous noises effect your work efficiency? 
7* What long term effects will continuous loud sounds have on your 



Additional Activities 

1* Visit various industrial sites and record noise levels with a 
decibclmeter* 

2* Take a tour of your school and identify areas of noise distur- 
bances* 

3* Invite your local police chief to speak on noise ordinances as 
proposed by your community* 



HEARING? 
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ECOLXY 
Level; Hiqh School 



ACTIVITY: Construction or an Electrostatic Precipitator 
Introduction: 

Smoke^ the result of incomplete combustion and the most obvious 
of the atmospheric pollutants^ is a colloidal dispersion of a solid 
IN A GAS* What is the colloidal state? Imagine the repeated subdi- 
vision OF A solid immersed IN A LIQUID TO FORM THE SMALLEST POSSIBLE 
VISIBLE PARTICLES. DEPENDING ON THE RELATIVE DENSITY OF THE SOLID 
AND THE LIQUID^ THE SUBDIVIDED PARTiCL^ EITHER FLOAT TO THE SURFACE 
OF THE LIQUID OR SINK TO THE BOTTOM* In EITHER CASE^ THEY CAN EASILY 

be separated out of the liquid by filtration. 

Imagine further subdivision of these particles into individual 

ATOMS AND MOLECULES. At THIS POINT^ THT^TVO PHASES SOLID AND LIQUID 

are nu longer distinguishable; instead^ there exists a true solution* 
no matver how long a true solution stands^ the dispersed particles 
do not themselves separate out^ nor can they be separated out bv 
filtration* 

Between the extremes of a coarse suspension and a true solution 

IS A RANGE OF PARTICLE SIZES SO SMALL THAT THEY DO NOT FORM AN OBVI- 
OUSLY SEPARATE PHASE, YET NOT SO SMALL THAT THEY ARE IN TRUE SOLUTION* 

This is the colloidal state* 

The oividing lines between colloids and solutions and between 
colloids ano clearly separate phases are not sharp, since a continu- 
ous RANGE OF PARTICLE SIZES IS POSSIBLE* A DISPERSION IS CALLED A 
COLLOID, HOWEVER, WHEN THE PARTICLE SIZES RANGE BETWEEN lO^'CM AND 
lO-'^CM* 

Colloidal particles, invisible under a microscope, usually do not 

SEPARATE OUT AT ANY APPRECIABLE RATE* ThE REASON IS THAT TWO OPPOSING 
FORCES ARE ALWAYS PRESENT IN A COLLOIDAL DISPERSION? GRAVITY* WHICH 
TENDS TO PULL THE PARTICLES DOWN; ANO BrOWNIAN MOTION* THE CONSTANT 
RANDOM COLLISIONS OF THE PARTICLES WITH MOLECULES OF THE MEDIUM IN 
WHICH THE PARTICLES ARE DISPERSED* ThUS SMOKE PARTICLES IN AIR MAY 
TENO TO SETTLE OUT UNDER THE INFULENCE OF GRAVITY; BUT BECAUSE OF 
THE NUMER0U3 "OETOURS" THAT THEY MAKE AS A RCSULT OF BROWNIAN MOTION, 

their rate of settling may be so slow as to be unnoticeable* 

Most colloidal particles are electrically charged* There is 
disagreement concerning the source of the charge* cu% factor 

PROBABLY INVOLVED IS SURFACE AREA* REPEATED SUBDIVISION OF A SOLID 

can increase its original surface area many factors of 10* 

Why? 

Calculate the surface area of a cube 1 cm on each side* Next 

CALCULATE THE AMOUNT OF SURFACE AREA FORMED WHEN THE SAME CUBE IS 

subdivided into cubes that are 10*5 cm on each side* 
how do the total surface areas compare? 

The larger the surface area for a given volume, the more atoms 

ON THE SURFACE, RELATIVE TO THE NUMBER OF ATOMS IN THC INTERIOR* 

Interior atoms can form bonds with other atoms in three dimensions^ 
Surface atoms, however, cannot* As a result, the valence, or com- 
bining POWER, OF SURFACE ATOMS USUALLY IS NOT SATISFIED, AND THEY 
CAN ATTRACT ELECTRICAL CHARGES* 

2S 



21 



These charges hay result from friction^ as is frobably the case 
with water droplets in the atmosphere^ or from the adsorption of i0ns« 
But whatever the source^ all the particles of a qiven colloid have 
a- charge of the same sign. 

\hiat happens whcn particles having the same charge ar^ near one 

ANOTHER? 

' How WOULD THIS PHENOMENON AFFECT A COLLOID? 

SMOKE^ as a colloidal SUSPENSION OF SOLIDS IN A GAS^ EXHIBITS THE 

properties found in most colloids— including charge. a simple^ but 
ingenious device that takes advantage of this fact is the electrostatic 
precipitator^ which is widely used in industry to free gases of dust, 
smoke, and liquid droplets. w^lle it is not always economical to 
install them, precipitators can in some instances recover valuable 
materials that otherwise* would 8e lost through stacks. 

Here is how the electrostatic precipitator works: air and gases 
containing dust or smoke particles are channeled between wire electrodes 

AND PLATES CARRYING OPPOSITE CHARGES* In PASSING, THE COLLOIDAL PAR* 
TICLCS RECEIVE A CHARGE FROM THE ELECTRODES. ThEY ARE THEN ATTRACTED 
TO THE PLATES. 

ELECTROSTATIC PRECIPITATOR 



Cardboard 77 
Tube — ^jy-*' 

Aluminum ''*vf({ 
Foil > \^'\ 



Toothpick 



Toothpick 




Model T Ford 
Induction 
Coil 



6-VOLT 

Battery 



Knife switch 



Materials Needed 

Cardboard tube, about 1$ in. diameter, 

1 ft, long iTUBE IH KITCHEN TOWELING 
OR WAX PAPER, OR MAILING TUBe) 
WIRE (such as bell WIRe) 6 FT. LONG 

6-volt battery (or four 1 •5*v0lt dry 
cells) 



Strip of aluminum foil, k in. 
X 6 IN. 

Two TOOTHPICKS 

Model T Ford induction coil 
Knife bwitch 
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PROCCDURC : 

About 1^ in« from one end or the cardboard tube^ cut a hole 

1 IN, IN DIAMETER. BEGINNING 1^ IN. FROM THE OTHER END OF THE TUBE, 
WRAP THE STRIP OF ALUMINUM FOIL, ARRANGING THE 6«»lN« DIMENSION LENGTH* 
WISE WITH THE TUBE. TaPE THE FOIL IN PLACE AT THE POINT OF OVERLAP. 

Thrust jhz toothpicks through the tube, placing one just below 
and the other just above the strlf of foil. cut two 2-ft. pieces of 

THE BELL WIRE. InSIDE THE TUBE, HOOK ONE PIECE ON THE TOOTHPiCK 
NEAR THE LOWER END OF THE ALUMINUM FOIL, AND LOOP IT TWICE AROUND 
THE UPPER TOOTHPICK. ThE WIRE SHOULD EXTEND UP THE MIDDLE OF THE TUBE, 
AWAY FROM THE SIDES. CONNECT THE FREE END OF THE WIRE TO ONE HlGH- 
VOLTAGE TERMINAL OF THE INDUCTION COIL. 

Strip about k in. of insulation from one end of the second piece 
OF wtRE. Wrap the bare wire around the aluminum foil at midpoint, 
twisting If TO hold it in place. Connect the free end of this wire 
to the other high-voltage terminal of the induction coll. 

Collection of Data; 

Stand the tube on end, aluminum foil up» Hold an incense stick 

OR OTHER SMOKE SOURCE IN THE HOLE IN THE TUBE. OBSERVE THE SMOKE 

coming from the upper end of the tube. 

Connect the coil to the knife switch and the battery. 

What happens when the knife switch is closed? Why? WkiEN it is 

OPEN? WhY? 

Questions: 

K Besides those in industry, what applications for the electrostatic 
precipitator can you suggest? 

2. Assume that you want to remove particles larger than collo:oal 

SUE FROM GASES OR AIR. In WHAT WAYS MIGHT YOU ACCOMPLISH SUCH 
REMOVAL? 
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BIOLOGY - GEfjETlCS 



Biologist 
Life Scientist 
Physician 
Registered Nurse 
Technical Writer 
Agribusiness Technician 
Dairy Production Technician 
Farmer 

Fish Culture Technician 
Lab Animal Care Technician 



Chemist 

Occupational Therapist 
Practical Nurse 
Teacher secondary«*college 
Veterinarian 

Agricultural Extension Worker 
Farm Crop Product ion Technician 
Fish & Wildlife Technician 
Forester 

Livestock Production Technician 
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GENETICS 
Level: Jr. High or High School 



ACTIVITY; Don't Crowd Mc, Baby (a population genetics activity) 

Have you ever been asked, "Would you rather be paid a million 
dollars a day, or a penny the first day and th£n double the amount 
each succeeding day?" since the length of time is important, 

let's IMAGINE THAT THIS WOULD HAPPEN FOR 33 DAYS* 

1. Which would you take? 

Let's see which way would make you richer. 

2. If you take a million dollars a day, how much would you have 
at the end of 33 days? 

3. If you take a penny the first day and double the amount each 
succeeding day for 33 days, how much would you have? use 
Table 1 for your calculations amd answer* 

a penny is very l i ttle compared to a million dollars. but if you 
started with a penny and doubled it each day, you could have over 

A MILLION DOLLARS IN A VERY SHORT TIME. ThAT'S A LOT or MONEyI 

a penny can grow so fast because numbers increase rapidly when 
you double them. just look at your numbers in table 1. 

In the time it has taken you to read this sentence (five seconds), 

ABOUT 165 MORE PEOPLE HAVE BEEN ADDED TO THE WORLD'S POPULATION. By 

the time you finish working on this investigation, about 10,500 more 
people will have been added. 

If your data from Table 1 are plotted on a graph, it will look 
LIKE Graph 1 dn the following page. 

The Increase in the world's population can be compared with 

THE INCREASE OF THE PENNY. COMPARE GrAPH 2 WITH GrAPH 1. 

What happens when a population becomes too crowded? 

The world population now stands at more than 3*5 billion persons, 

an ALL-TIME RECORD. !f THE PRESENT UPWARD TREND CONTINUES, THIS 

number will almost double by the year 2000. 

Scientists have predicted that widespread hunger will strike 
us within the next 20 years* should we do anything about it? 
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Some say we should not control the population growth because; 
a, a suffic'ent number of people are necessary to support a national 

ECONOMY • 

B. It IS A man's right to have and to support children. 

C. Population control is a form of genocide ( the delibepatc de- 
struction OF A GROUP OF PEOPLE), 

D. The food supply can keep up with the growth in population. 

Others say we should control the growth of population because: 
A. The growth of population will become greater than the available 

FOOD SUPPLY IN ABOUT I5 YEARS. 

It IS better to improve the quality of people than the quantity 

OF people. 

C. Developments in technology will not keep up with the growth in 

POPULATION. 

D» Overcrowding leads to a breakdown of man's environment. 
What do you think? 

CONCEPT SUMMARY. (What general concept have you learned from thIs 

INVESTIGATION?) 
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GENETICS 
Level: High School 



ACTIVITY: Looking for Mutations in Fruitflies 

Problem: The best introduction to the study of mutations is the 

enSEDlNG OF THE FRUITFLY, DrOSOPHILA MELANOGASTER, 

Materials: 

12 l/2«PtNT Milk Bottles-use 10 for culture bottles, 1 for an ether- 
izer, AND 1 FOR A MORGUE. 

Camel-hair Paint Brush No. 1-for handling the flies* 
Cotton and Cheesecloth-for making plugs. 
Cork Stopper-about No» 28, to fit ether I2Er» 

YEAST-1 PKG. dry yeast to 25 CC WATER, 

Culture Medium-see recipe below* 

Two Strains of Drosoph I la-one wild-type and one "dumpy wing." 
Procedure : 

Making the equipment: Cut 5 x 5 Inch square from the cheesecloth 
and fill with enough cotton to make a plug that fits the milk bottles. 
Plug should fit just tight enough so that it won't fall out. Glue 
some cotton to the bottom of the large cork stopper and fit into 
MILK bottle; this is the etherizer. The morgue is simply a bottle 

WITH some denatured OR METHYL ALCOHOL IN IT TO KILL THE UNWANTED 
FLIES* 

Handling the flies: Tap the culture bottle sharply on the table, 
remove plug, and place the mouth of the etherizer over culture bottle. 
Tap gently until all the flies are In the etherizer. Put two drops 
of ether on the etherizer cover; remove etherizer bottle from 
culture bottle, replacing cotton plug in culture bottle and etherizer 

COVER ON BOTTLE WITH THE FLIES. Th I S TAKES A LiTTLE PRACTICE* 

Always remove flies from etherizer as soon as they are quiet! 
If the flies are ovcr-etherized they become sterile or die* If the 
wings stick straight up, the flies are dead. 

Pour the flies onto a 3 x 5 whIte card and, using the fine 

PAINT brush, separate THE FLiES INTO MALE AND FEMALE* 

To KEEP THE STOCK CULTURE GOING PUT ABOUT 5 MALES AND 5 FEMALES 
INTO A CULTURE BOTTLE WITH FRESH MEDIUM TO WHICH YEAST HAS BEEN 
ADDED-AOULT FLIES EAT THE YEAST. BE SURE NOT TO DROP THE FLIES ON 

THE food; always place them on the paper-towel strip. 

Keep cultures at 70^ to 77^F., being careful never to expose 
the bottles to direct sunlight. cultures may be kept in the dark. 
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The larvae appear jn i|-7 ^^^^ ^^o the pupae will appear 1-3 

DAYS AFTER THAT, DEPENDING UPON THE TEMPERATURE. ToO HIGH TEMPERATURE 
WILL CAUSE sterility! 

Mating the flies. All genetics experiments depend upon starting 

WITH virgin females, VlRGiN FLIES ARE OBTAINED BY REMOVING ALL THE 

flies from a culture that has many flies emerging. after 10 hours, 
new flies collected will be vlrglns. do not use flies which have 
not completely expanded their wings and are still white; they become 
sterile if etherized. 

Select a wild-type (+} virgin female and place in a culture bottle 

WITH TWO DUMPY-WINGED (dp) MALES. (MAKE UP TWO BOTTLES OF THiS CROSS.) 

Next, select a dumpy-winged (op) female and put in a culture bottle 

WITH TWO WILD-TYPE (+) MALES. (AgAIN, MAKE A DUPLICATE.) AFTER 

3 days remove these flies. 

The offspring from the above cross are the generation. 

Fl female is CROSSED WITH MALE TO PRODUCE THE Fg GENERATION. In 
ADDITION, BACK CROSSES ARE MADE: Fl MALE X DP FEMALE AND Fl FEMALE 

X DP MALE. Record the results. What kind of mutation is oumpy ? 

Other experiments: Try such mutants as white eye (w), bar eye 
(B), and miniature (m). 

Induced lethal mutations: Ask a doctor or dentist frIend to 

EXP03E SOME (+) MALES TO VARYING DOSAGES OF X RAYS. ThE TEST jS 
MADE WITH MULLER-5 FLIES. ThIS HAS TWO MAR..£R GENES ON IT: APRICOT 

EYE (W^) and Bar eye (B). Cross the Irradiated males with Muller- 
5 FEMALES, Cross the F^ females with wIld-type males. The Fg 
will look like this: bar eye females; wild-type females; apr i cot and 
Bar males-the wild-type males will bc missing if a lethal was present 

ON THE X CHROMOSOME. 1f THE + MALES ARE PRESENT LOOK CAREFULLY FOR 
VISIBLE MUTATIONS, FOR EXAMPLE WHITE EYE. 

An EXCELLENT SOURCE BOOK: GENETICS NOTES* JAMES F. CROW, 

Burgess Pub. Co. ■ * 

CULTURE MEDIUM RECIPE 
Corn Meal 30 ^^s Dextrose Syrup 6o ml 

Rolled Oats (slow cooking) 8 cms Agar 8 gms 

Methyl p-hydroxybenzoate 3«5 ml Water ^00 ml 

Propionic AcId I.5 ml 

Boil rolled oats, syrup, and agar in 350 ml water. Mix the rest of 
the water with the corn meal and add to the mlxtti^e when it starts to 
BOIL. Stir continuously while cooking for 15 minutes,^ Allow to 

COOL FOR 3 MIN. AND ADD THE PROPIONIC ACID AND THE BEN20ATE. POUR 
A LAYER ABOUT 3/^1 OF AN INCH DEEP INTO THE CULTURE BOTTLES, USING 
A FUNNEL SO THAT MEDIUM IS KEPT OFF' THE S3DES OF THE BOTTLE* PLUG 
BOTTLES AND ALLOW TO COOL. WhEN COOL, INSERT 1x8 INCH STRIPS OF 
PAPER TOWELING. 

Or order Formula k^zk Instant Drosophila Medium from Carolina 
Biological Supply. 
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ge:netics 

Level: High School 



ACTIVITY: Inheritance or Characteristics. 

Humans have two main types or attachmf.nt or the ear to the rACE, 

ONE TYPE WILL HAVE THE LOBE ATTACHED AND ONE WILL HAVE THE LOBE rREE. 

Check your classmates' types or ears until you can easily distinguish 

ONE TYPE rROM THE OTHER* 



1. Which EAR type is more prevalent in your class? 



(This will vary with each class.) Have each member or your class 

CHECK riVE PEOPLE AT RANDOM, TRYING TO PICK DirrERENT PEOPLE 
rROM THOSE PICKED BY ANOTHER CLASSMATE. YoU MIGHT DO THIS BY 
SURVEYING OTHER CLASSROOMS « 



2# Which type is more prevalent in your sampling?^ 



(Answers will vary) Fill in the pedigree chart below with infor- 

MAT ION rROM YOUR OWN rAMILY. UsE THE LETTER F rOR rREE-TYPE EARS, 
AND THE LETTER A rOR ATTACHEO-TYPE EARS. 



U Do YOU THINK THIS CHARACTERISTIC IS |NHERITED?_^ 

[This will depend upon chart rlNolNGs.) Explain 



(The answer will be based upon the pedigree chart.) 



Grandparents 

OrO 




HEREDITY CHART 



Grandparents 

DrO 



Aunts or Uncles Father 





Mother 



Aunts or Uncles 



□ 
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^^^^^ -jy You, BROTHERS AND SISTERS 

T ^iMale ( jFemale Trace over square or circle to designate 

^ SEX or relative. 
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GENETICS 
Leveu: High School 



ACTIVITY: Natural Selection Study 

Find two shaoe«»loving plants^ such as ivy^ and two sun«lovinq 
plants^ such as geraniums* put each of the four plants in a separate 
pot and raise them in their usual environment until they are growing 
WELL. Place one of each type of plant in a place where they will 

GET DIRECT SUNLIGHT MOST OF THE DAY> AND PLACE THE OTHER TWO |N 
DARK OR DIM LiGHTt OBSERVE FOR A WEEK OR TWO* WhAT DID YOU OB- 
SERVE ? 

Explain in terms of the survival of the fittest. 
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GENETICS 
Level: High School 



ACTIVITY: Mutations in Plants 
Problem : 

One or the theories that explains why plants and animals have 
changed is based on mutations that may suddenly appear in onc 
generation* w^at is one possible cause of mutations in plants? 

Materials: 

Seeds of fast^growing plants^ such as radish or clover; 
flower pots hand lens 

marking pencils small brush 

RUBBER GLOVES OuYCERiN 

ALCOHOL COLCHICINE POWDER 

CAUTION: COLCHICINE IS POISONOUS, IT MAY CAUSE SKIN IRRITATION IF 
HANDLED WITHOUT RUBBER GLOVES, AND IT IS VERY DAMAGING TO THE EYES. 

Procedure: 

Germinate several seeds in two flower pots. When the seedlings 
are about one inch in height, pa i nt the stems and leaves of the 
seedlings in one pot with a solution of 1 gram of colchicine in ^0 
milliliters of glycerin, 2^ milliliters of alcohol, and 2^ milli* 

LITERS OF WATER. MARK THIS FLOWER POT AS EXPERIMENTAL AND MARK 

the flower pot with the untreated plants as control. water both 
pots regularly and allow the plants to grow and develop flowers. 
Examine the plants carefully with the hand magnifier and note any 
significant differences. 

Observations: 

Fill in the results of your observations in the table below, and 
write your conclusion. 

Mutations Produced in Plants 

Characteristics Control plant Experimental plant Mutations 
in the 



Leaves 



Stems 



Flowers 



Application: 

Since chemical substances seem able to cause mutations, as 
shown in our experiment, what might be some changes produced in the 
offspring of humans if the mother uses certain harmful drugs while 

THE child is developing? 
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A3VaONAUTS 

Chemist 

DJvNTIST 

Home Economist 
ksojcal l\3 v/orkers 
KnoiuM. Techmouogist 
P11AP.MACIST 
Practical Ncf?sE 
Social Won. n 

TSACHCn SiCONOARY'>COLLEGE 

Vi:TSR!NAn|AN 

Hospital Attekdent 
•V.nicuLryRE Extension WbRKHa 
Fxniu Crop Production Technician 
FiSH S^WiLOLirc Technician 

For^ESTCR 

L\7j Animal Care Technician 
Soil Scientist 

Dental Laooratory Technician 



Biologist 

Dental Hygenist 

Dietitians 

Life Scientist 

Medical Record Lisrarian 

oceanographer 

Physician 

Registered Nurse 

Elementary Teacher 

Technical Writer 

Delivery Man 

Agribusiness Technician 

Dairy Production Technician 

Farmer 

Fish Culture Technician 
Forestry Production Technician 
Parks Land Management Technician 
Food Processing Technician 
Stevedore 
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MICROBIOLOGY 
Lcv£l: Junior Hsqh 



ACTIVITY: Can You Make "Life"? 
Materials (per team): 

Water source (nonchlorinateo water preferreo) (If chlorinated 

PLACE !N OPEN CONTAINER ANO LET IT SIT SEVERAL OAYS BEFORE USEo) 

Clean jar (pint size) 
OrIeo grass or hay 
Microscope 
Meoicine oroppcr 
Microscope slioes 
Cover classes 

Proceoures: 

A« Wash ano thoroughly rinse the jar« 

B* Fill the jar with clean water to within an inch of the top. 
C* Carefully remove any insects or other visible forms of life 

FROM A SHALL HANOFUL OF ORIEO GRASS. 

0. Place the orIeo grass in the jar of water and cover with 

A LOOSE-FITTING TOp« 

£• Place the jar In a place where it will not be oisturbeo for 

4 OR 5 OAYS. 

F. HOLO THE OAR CONTAINING WATER ANO GRASS UP TO THE LIGHT. 

What do you see? 

6. With the meoicine oropper, take a drop of wate5i from near 
the top, at the eor.e of the jar. place the orop of water on 
a microscope slioe and cover with a cover glass. examine 
under the microscope, beginning, with the low-power objective* 
Make a record in your notebook of what you see. 

H. Examine water from other areas in the jar. 

1. Repeat Procedures G and H at the beginning of each class 
period for 2 or 3 oays after it has set that long. 

Interpretations: 

I. Compare your observations with others. Prepare a list of 
questions these observations may suggest about what is 
happening in the grass-water mixture. 

2. If you saw objects moving on your slide. Where do you think 
they came from considering what was put in the jar to start 

WITH? 



Questions for Discussion after Investigation 
U Where did moving objects come from? 
2, Are the objects alive? 

3^ How DO YOU DEFINE LIFE? 

If alive, what do they need to live? 
5* What determines their individual characteristics? 
6» What determines how many of each kind will grow there? 

7* How DO THEY REPRODUCE? 

8, How DOES THE ENVIRONMENT AFFECT THE ORGANISMS AND HOW DOES 
THE ORGANISMS AFFECT THEIR ENVIRONMENT? 

If time allows students to further test where they CAME FROM, 

Examples might be: 

U Tighten lids on jars* 

2» BolL WATER FIRST* 

3» Try different kinds of grass. 
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MICROBIOLOGY 
Level: Junior High 



ACTIVITY: What Causes things to Decay? 

Materials: Sand dead animal parts 

vials dead plant parts 

sticks masking tape 

Procedure : 

Take enough sand to f!ll a vial about 3A full. Pour it out 

on a paper towel. Moisten the sand* (Do not use too much water 

& MAKE IT muddy) REPLACE THE SAND |N THE ViAL^ WEDGE THE MC|ST 

sand away from a small area of the vial with a wooden stick. 
Place a dead insect, piece of meat, or any piece of an anjmal in 
THIS cavity. Gently push the sand against the dead organism to hold 

IT IN PLACE AGAINST THE V|AL WALL SO |T CAN 3E SEEN FROM THE OUTSIDE. 
On the other side of the VIAL do the same thing but THIS TIME PLACE 
IN A PLANT PART, SEED OR BERRY. FINALLY THE VlAL SHOULD BE TIGHTLY 

CAPPED. Have each group mark their vial with masking tape. Have 

SOME STUDENTS PREPARE A VIAL BUT DO N.OT MOlSTNE THE SAND WHICH CAN 
ACT AS A/ CONTROL FOR MOISTURE, HAVE STUDENTS RECORD OBSERVATIONS 
FOR THE NEXT 3 OR ^ WEEKS. CaUTION STUDENTS NOT TO DIRECTLY INHALE 

from the vials. 

Interpretations : 

1. Have there been any changes in the organisms ? 
Could you say that any organism disappeared ? 
If so, where do you think they went ? 

2. What changes in the appearance of the water has occurred? 



THE SAND? ' 

What might have caused the changes? 



Procedures: 

Allow students after 6 or 7 weeks to open the vials and examine 
the contents. After examining them let them use microscopes and 
bi-scopes to view the contents. 

Interpretations: 

3. Have you noticed an odor ? W here did the 
odor comc from? 

Identify the new orgainisms you found In the vIal. 

Where did they come from? 
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Other possible activities: 

1. Study mold and see where it grows best, in light or dark places, 

2. Try the tests in places of different temperatures to see what 
effect it has on decomposition. 

3. Use the liquid as a fertilizer and see how it changes another 
plants growth. 

4. How DOES HUMIDITY EFFECT THE RATE OF DECAY IN AN AREA. 
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MICROBIOLOGY 
Level: Junior High 



ACTIVITY: Investigation of Plant Sl Animal Cells 



Materials: 



MICROSCOPE 
COVER GLASS 
NEWSPAPER 
IODINE STAiN 



SLIDE 
SCISSORS 

TOOTH PICK (flat TYPE) 
PIECE OF ONION 



Procedures: Part 1 Study of onion skin cells 

Cut an onion lengthwise^ Remove a thick scale and pet-l the 

SKIN FROM the INNER SURFACE. CUT A SQUARE (lA") SECTION OF SKIN 
AND MOUNT IT ON A SLIDE IN A DROP OF WATER. AdD A COVER GLASS. 

Examine the living cells under low power and ^^IGH power, (a) What 

COLOR IS THE LIVING PROTOPLASM? (b) Oo YOU FIND 

any motion in the cell ? 

Raise one side of the cover glass and add a drop of iodine stain. 
This will kill the cells, but will enable you to see their parts 

MORE CLEARLY. ExAMInE THE STAINED SECTION UNDER LOW POWER, NoTE 
ESPECIALLY THE CELL WALLS. AND THE NUCLEI. ThESE WCLEI APPEAR AS 
YELLOWISH, SPHERICAL BODIES. (c) ArE ThE CELLS IDENTICAL |N SHAPE? 

(d) Are they similar in general form? : 

(e) Are the nuclei always in the same position in the cell? 

In the space below, draw a small group of cells, making each cell 

ABOUT AN INCH LONG. ShOW THE CELL WALL AND NUCLEUS OF EACH CELL AND 

label: cell wall; nucleus. 

Select one cell which shows the contents clearly. Move it to 
the center of the microscope field. u$ i ng high power, examine all 

PARTS OF THE CELL. AS YOU STUDY THE CELL, SHIFT THE FOCUS WITH THE 
FINE ADJUSTMENT AND NOTE THAT THE CELL HAS THICKNESS AS WELL AS 
LENGTH AND WIDTH. You SHOULD SEE THE GENERAL CYTOPLASM FILLING 
MOST OF THE CELL AND ITS OUTER EDGE, THE PLASMA MEMBRANE. ThE 
CAVITIES IN THE GENERAL CYTOPLASM ARE VACUOLES, EACH BOUNDED BY A 
VACUOLAR MEMBRANE OF THE GENERAL CYTOPLASM. ThE DROPLETS IN THE 
GENERAL CYTOPLASM ARE OIL DROPLETS. DrAW A SINGLE CELL FROM THE 
HIGH POWER FIELD, MAKING IT ABOUT TWO INCHES LONG. INCLUDE THE 

NUCLEUS. Label: plasma membrane; general cytoplasm; vacuolar 
membrane; vacuole; oil droplet; nucleus. 

SINGLE Onion Cell Nucleus of Onion Cell 
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In the space to the right of this cell^ (on previous page) show 

THE NUCLEUS ENLARGED TO ABOUT THE SIZE OF A QUARTER • ShOW THE NUCLEAR 
MEMBRANE, DENSE NUCLEOPLASM, AND NUCLEOLUS (thERE MAY BE SEVERAL 

nucleoli). Label: nuclear membrane; nucleoplasm; nucleolus 

Part 2 Human cheek.> cells 

Scrape the inside of your cheek with a clean toothpick. Smear 

THE MATERIAL ON A SLIDE. AdD A DROP OF IODINE STAIN AND A COVER 

GLASS. Examine under low power, noting the masses of cells and Indi- 
vidual CELLS. Find the outer edge of the general cytoplasm which 

IS HARDENED TO FORM THE PLASMA MEMBRANE, StUDY SEVERAL DIFFERENT 
CELLS UNDER HIGH POWER. (f) DO THEY SEEM TO HAVE A DEFINITE SHAPE? 

(g) Do they appear to have a cell wall? • _ 

(h) Is a central vacuole present? 



Draw several cells in a mass under low power and a single cell 

UNDER HIGH POWER IN THE SPACES BELOW. In THE DRAWING FROM HIGH POWER, 

Label: plasma membrane; general cytoplasm; nucleus. 

Human cheek (L.P.) Human cheek (H.P.) 
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MlCROfflOLOGY 
LxvEu: High School 



ACTIVITY: Let*s Brush Those Teeth (An experiment concerning bacteria, 
protozoa and fungi of the mouth •} 

Materials: 

Clean slides and cover glasses Tooth picks 

bunsen burner methylene blue stain 

Microscope should be equipped with substage condenser, iris diaphragm, 
lox, objective and a high dry objective of at least ^ox. 

For observation of detail in the larger bacteria and resolving 

THE smaller bacteria, AN OIL IMMERSION OBJECTIVE IS NECESSARY. 

Procedure: 

Obtaining the Specimen 

Place a small drop of saliva from the mouth or a drop of dis- 
tilled OR TAP WATER ON A MICROSCOPE SLIDE. WITH A TOOTHPICK, 
REMOVE SOME OF THE TARTAR WHICH MAY BE PRESENT AT THE BASE OF THE 
TEETH ALONG THE GUM LINE. InTROD'JCE THE PiCK INTO THE DROP ON THE 

slide, mix thoroughly and allow to dry. 
Fixation 

Each preparation is quickly passed two or three times, through 

THE FLAME OF A BUNSEN BURNER. ThIS PROCEDURE "fIXEs" THE BACTERIA 

to the slide and thus prevents removal during the staining process* 
Staining 

Bacteria stain best with basic dyes, (i.e. compounds or color 
bases). One of the best dyes for staining bacteria is methylene 

BLUE. LoEFFLER's METHYLENE BLUE CONTAINING ETHYL ALCOHOL AND 

potassium hydroxide |s most commonly used. 

Place a few drops of the methylene blue on each prepared slide 
and leave for approximately 4^5 mlnutes. rinse the slides briefly 
in cool running tap water from the faucet or d i p into a container of 

WATER SEVERAL TIMES TO REMOVE THE EXCESS DYE. DrA I N THE WATER FROM 
THE SLIDE AND ALLOW TO COMPLETELY DRY* If IN A HURRY, THE SLIDES 
CAN BE BLOTTED DRY WITH FACIAL TISSUE, BEING CAREFUL NOT TO RUB OFF 

the preparation. 
Mounting 

The bacteriologist in examining preparations of bacteria usually 
uses the oil immersion objective which does not require the use of 
a cover glass. however, for use wlth a high dry objective such 
as the 43x, a cover glass is necessary. for temporary mounts, a 
drop of immersion oil can be placed on the preparation and covered 
with a cover glass. for permanent preparations, xylol-balsam or 
one of the synthetic mounting media can be used. 



ERLC 



45 



Remarks ; 

Bacillus forms (Lactobacilli) contribute to decay of the teeth 

BY THEIR action ON CARBOHYDRATE FOODS^ ESPECIALLY SUGAR^ TO PRODUCE 

ACIDS. Neglect of decay may lead to abscessed teeth^ gingivitis 

AND PYORRHEA • ThE FUSIFORM BACILLUS AND SPIROCHETE ARE FOUND tN 

Vincent's angina* This ulcerative inflammation is sometimes termed 
trench mouth since there wsvRE so many infections of soldiers during 
World War U 

The protozoa, trichomonas tenax 6*12 microns in length, is pre- 
sent in cases of dental caries* According to Zinsser Microbiology, 
"Transmission of this organism, no doubt, usually occurs during 
kissing but contaminated dishes, glasses and the like may be involved 
especially during meals when those being used by an older person con- 
tain as well the food being given to an infant*" ix is probably 
true that many types of bacteria are transmitted from one person 
to another in a similar manner* 

In the case of an undetermined type of infection or for CON- 
FIRMATION, YOUR DENTIST OR ORAL SURGEON MAY SEND A SPECIMEN TO THE 
MEDICAL LABORATORY* 

The BACTERIOLOGIST VERY OFTEN STAINS THE SPECIMEN WITH METHYLENE 
BLUE EXACTLY AS DESCRIBED IN THIS .EXPERIMENT* In ADDITION, HE MAY 

USE Gram stain named after a Danish bacteriologist* Gram found that 

IF A preparation WAS TRCATED WITH A SOLUTION OF lODlNE AFTER BEING 
STAINED WITH THE BASIC DYE, CRYSTAL VIOLET, MANY KINDS OF BACTERIA 

would retain the violet stain even after being treated with alcohol* 
The group of bacteria which remain purple are known as Gram-positive. 
Those which are decolorized are termed Gram-negative* In order that 

THEY CAN BE SEEN AFTER DECOLOR I ZATI ON, THEY ARE COUNTERSTAINCD WITH 
the red BASIC DYE, SAFRAnIn* ThE UCTOBACILLUS IS^AN EXAMPLE OF 

A Gram-positive bacteria; the fusiform bacillus of a Gram-negative. 
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MICROBIOLOGY 
Level: High School 



ACTIVITY: The Preparation and Microscopic Observation of Stained 
Microorganisms 

Procedure : , 
General Preparation or Smear 

A, Clean slides by applying bon-ami to the wet slides. Let them 
air dry and clean with a dry cloth. Hold the slide by grasping 
the edges. 

B, With a wax pencil draw a circle about the size of a nickel on 
THE SLIDE. Turn the slide over, now it is easy to find the 

SMEAR while staining, 

C, Sterilize a wire loop by heating to redness 4n a Bunsen flame. 
Let the loop air-cool. 

D, With a sTERiLii:ED needle transfer some of the culture to a drop 

OF WATER ON THE SLIDE. MIX THE TWO TOGETHER, If A BROTH IS 
USED TRANSFER A LOOPFUL OF SUSPENSION TO THE SLIDE, 

E, Next let the film air-dry. The slide should not be heated to 

SPEED UP DRYING. 

F, After air dried-heat-fix by passing slide film-side up quickly 

THROUGH THE FLAME, 

G, Let the slide air cool, 
Gram^stain procedure 

A, Flood the slide with Gram's crystal violet. Allow to stain 1 min# 

B. VA^SH GENTLY WITH TAP WATER. 

C. Flood the slide with Gram's iodine. Allow to act 1 minute, 

D. Wash gently with tap water, 

E, Rinse smear with Gram's alcohol until decolorized (30 seconds) 

F, Wash gently with tap water, 

6, Counter-stain with Gram's safranin. Allow stain to act 20 seconds, 

H, Wash gently with tap water and blot dry. 

Interpretations: 

The primary stain is crystal violet. This is followed by an 
iodine solution that behaves as a mordant and helps fix the primary- 
dye TO gram-positive organisms. The smear is then decolorized^ 

USUALLY with ALCOHOL^ AND COUNTERSTA I NED WITH A CONTRASTING DYE 
SUCH AS SAFRANIN, ORGANISMS THAT RETAIN THE PURPLE PRIMARY STAIN 
.ARE DJtSIGNATED GRAM-POS ITI VEj GRAM-NEGATIVE CELLS LOSE THE PRIMARY 
STAIN WHEN DECOLORIZED WiTH ALCOHOL AND STAIN WITH THE RELATIVELY 
WEAK SECONDARY PlNK DYE, SAFRANiN, 
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MICROBIOLOGY 
Levet: High School 



ACTIVITY: Demonstration of an Artificial Epidemic 

Some diseases are transmitted from man by direct contact with 

SOME CONTAMINATED OBJECT (fOMITe), BY STUDYING THE INCIDENCE AMD 
DISTRIBUTION OF A DISEASE, VERY OFTEN THE FOCI OF INFECTION CAN BE 
FOUND. 

Purpose: 

to illustrate one method of disease transmission, 
Materials: 

Wrapped candy kisses Zh hour broth culture of 

Sterile saline Serratia marcescens 

10 ML STERILE PIPETTES 1 ML STERILE PIPETTES 

Trypticase soy agar or nutrIejjt agar Sterile petre plates 
Procedure : 

1. Before proceeding, plan the order of handshakes for the whole 
TABLE. Each student will be furnished with a wrapped piece of 

STICKY sugar candy. OnE OF THE PIECES AT EACH TABLE WILL HAVE 

BEEN CONTAMINATED WITH A CULTURE OF SERRATIA MARCESCENS . Do 

NOT UNWRAP THE CANDY UNTIL YOU ARE READY TO BEGiN THIS EXPERIMENT* 

A. Wash your hands with soap and water and dry with a clean 

PAPER towel, 

6. Hold the unwrapped piece of candy in your right hand for 
two minutes. 

c. Shake hands with any two persons at your table. Keep a record 
in the form of a map of the table and show by means of num- 
bered ARROWS WITH WHOM EACH PERSON SHOOK HANDS AND THE 
CHRONOLOGICAL ORDER OF EACH HANDSHAKE. (ThERE WILL BE l6 
HANDSHAKES NUMBERED CONSECUTIVELY 1 TO l6.) 

D. Immediately after shaking hands with two persons plate the 
bacteria present on your hand in the following manner; 

1. Place 5 ml sterile saline in a sterile Petri dish. 

2. Take a sterile swab, moisten it in the sterile saline 
IN the Petri dish and 6wab the palm of the right hand, 
endeavoring to remove as many of the bacteria as possible 
into the saline in the petri dish. 
Plate 1 and 0.1 ml sample of the saline wash. 
Incubate at 32^ for ^ hours. 

E. Indicate on the map of the desk, the number of Serratia 

marcescens cultured from each INDIVIDUAL. TrACE THE COURSE 
OF THE "epidemic" AT YOUR TABLE AND SHOW WHICH PIECE OF 

candy was contaminated. 
Questions: 

1. LIST FOUR other METHODS WHEREBY DISEASES ARE TRANSMITTED 
TO MAN. 



I: 
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MICROBIOLOGY 
Level: High School 



ACTIVITY: Isolating and Testing Antibiotic Prooucers 

Discovering new antibiotics ano testing them gives us an opportunity 
to lcarn new science techniques. 

Problem: 

Trying to isolate antibiotic prooucers from soil offers a chance 

TO LEARN SOME THEORETICAL BIOLOGY, GAIN TECHNICAL SKILLS OF WIDE 
APPLICATION, ANO DISCOVER SOME NEW ANTIBIOTIC. AnY SOIL SAMPLE WILL 
CONTAIN BOTH BACTERIA AND FUNGI THAT PRODUCE SOME TYPE OF ANTIBIOTIC 
SU53TANCE, ThE PROBLEM IS TO ISOUTE THE BEST PRODUCERS, AND TO GET 
PURE CULTURES OF THESE ORGANISMS. ThIS DEMANDS THE DEVELOPMENT OF 
CERTAIN techniques: WORKING UNDER STERILE CONDITIONS, MAKING THE 
PROPER SELECTIVE MEDIUM FOR ISOLATING ANO GROWING THE ORGANISM Of 

interest. 

Materials: 
Pressure cooker 
Pipettes— 5 ml 

Nutrient agar— get the reaoy-maoe kind 

from a supply house, 
Test organ i sm— Bac i llus-subt i l l s— 

from a supply house. 

Procedure: 

The foundation of all bacteriological work is sterile technique . 
Glassware and instruments, water and nutrient, must be free of bac- 
teria AS WELL AS CHEMICALLY PURE. CONTAM I NAT I ON— BACTER I AL OH CHEM- 
ical— leads to faulty data and failure. 

There are two major ways of sterilizing: dry heat and auto- 
CLAviNG. Glassware— PIPETTES and Petri plates are sterilized by 
DRY heat. Wrap the plates (5 at a time, with their covers on) in 

brown wrapping paper and heat in a 32OOF OVEN FOR 3-4 HOUfiS. 

Liquids— WATER, nutrient media, etc.— are sterilized by steaming in 

A PRESSURE COOKER FOR 15 MINUTES AT 15 POUNDS PRESSURE. ThE MATERIAL 
SHOULD BE IN TEST TUBES OR FUSKS, PLUGGED WITH N0NABS0R8ENT COTTON* 

The nutrient agar media recommended for the isolation or fungi 
are: mycological agar, Czapek solution agar, cornmeal agar, or 
prune agar. to restrict fungi and allow unrestricted bacterial 

GROWTH USE BACTO-W.L. DIFFERENTIAL MEDIUM (B ^TF^) . 

Make up the agar as directed on the package. The agar must be 
melted but not too hot when you start the experiment. 

Add sterile water to the various soil samples and shake thoroughly. 
Let the material settle briefly and pour off the water into a sterile 
test tube. This is the concentrated solution of bacterial and fungal 
SPORES. The success of the experiment depends on getting the right 

DILUTION OF THIS CONCENTRATE. 
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Petri plates 
Bacteriological loops-^ 

NICHROME wire in a THIN5 ' 
LONG METAL HANDLE. 



Make serial dilutions or l/lO, l/lOO, l/l,OCO, l/lO,CXX), l/lOO,000, 
l/l,CXX),000. This Is done by sterilizing 6 cotton-plugged test 

TUBES containing 9 ML WATER EACH* UsiNG STERILE PIPETTES^ MEASURE 
1 ML OF THE CONCENTRATE INTO TEST TUBE # 1. ThIS MAKES THE l/lO 

DILUTION. Take 1 ml or this dilution and pipette it into test tube 
# 2t This is l/lCO dilution. Pipette 1 ml or this dilution into the 

NEXT TEST TUBE AND CONTINUE IN ThIS WAY UNTIL ALL THE DILUTIONS 
HAVE BEEN MADE. 

In ORDER TO AVOlO CONTAMINATION, AND TO KEEP THE DILUTIONS AS 
ACCURATE AS POSSIBLE, IT IS WISE TO USE A CLEAN, STERILE PIPETTE 
rOR EACH STEP, 

Pipette 1 ml of each dilution into separate Petri plates opening 
the cover just enough to allow the insertion of the pipette, taking 
the same care to keep the plates covered, pour enough melted nutrient 
agar into the plates to cover the bottom to a depth of about la" 
and, with the cover replaced, swirl the plate so that the dilution 
mixture and the agar become thoroughly mixed, set aside to cool 
and harden, pour several plates with nutrient agar only and put 
aside for later use, allow the seeded plates to incubate, upside 
down, in a warm place for 2^ hours, 

Select a plate with well separated colon ies* Make a heavy sus- 
pension OF THE TEST ORGANISM, BACILLUS SUBTILIS, IN STERILE WATER 
AND PIPETTE 1 ML ONTO THE SURFACE OF THE SELECTED PLATE, MAKE SURE 
THE SUSPENSION IS EVENLY OlSTRieUTeO, SET THE PUTE ASlOE TO IN- 
CUBATE FOR 2k HOURS, A CLEAR RING AROUND A COLONY AFTER INCUBATION 
INDICATES THAT THERE IS ANTIBIOTIC ACTIVITY, 

Flame the loop over a Bunsen burner or alcohol lamp until red 
HOT, Let cool and then pick up some of the colony and streak on 

A STERILE AGAR PLATE, IncUBATE FOR 2^-36 HOURS, WHEN GOOD GROWTH 
IS ATTAINED, STREAK SEVERAL TEST ORGANISMS AT RIGHT ANGLES TO THE 
GROWTH STREAK, 
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BIOLOGY • ZOOLOGY 



iNl^ERTEBRATE: 



Building Custodian 

Fish Culture TtCHNiciAN 

FoRCSTERY Production Technician 

Orchard Technician 

Parks Land Management Technician 

Food Processing Technician 

Biologist 

Home Economist 

Life Scientist 

Physician 

Registered Nurse 

Elementary Teacher 

Technical Writer 

Agribusiness Technician 

Farm Crop Production Technician 



Fish & Wildlife Technician 
Forester 

Lab Animal Care Technician 

Horticulturist 

Range Management 

Biochemistry 

Chemist 

Landscape Architect 
oceanographer 
Practical Nurse 
Social Worker 

TCACHER secondary-college 

Veterinarian 

Dairy Production Technician 
Farmer 



VERTEBRATES: 



X-Ray Technician 

Fish Culture Technician 

Lab Animal Care Technician 

Range Management 

Biochemistry 

Chemist 

oceanographer 

Recreation Leader 

Registered Nurse 

Teacher secondary*college 

Veterinarian 

Shoe Repairman 

Agriculture Extension Work 

Farmer 



Fish & Wildlife Technician 
Forester 

Livestock Production Technician 

Food Processing Technician 

Biologist 

Home Economist 

Physician 

Practical Nurse 

Elementary Teacher 

Technical Miiter 

Meat Cutter 

Agribusiness Technician 

Farm Crop Production Technician 
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ZOOLOGY: INVERTEBRATE 
Level: Junior High 



ACTIVITY: Studying Insects and Their Behavior 



Materials: 



Insect (meal worm beatles are good) 
Magnifying glass 



Metric ruler 
Clock 



Heat source 
Light source 



Procedures 



A. 



Determine the appearance of your insect and answer the 
following: 



SIZE LENGTH 
WIDTH 



CM 
CM 



2. COLOR 



3. Body shape (round, flat or ?) 
i|. Number of legs 

5. Number of antennae ^ 

6, Special characteristics 
B* Draw a sketch of your insect 



C. Describe what your insect does in 3 mIn. period. 



D. Use your imagination and initiative to put your Insect in 

a novel situation and check its response near a strong light, 
heat, darkness, loud noises, prodding or? avoio harming 
your insect. 

Test you made Insects response 

E. Is THIS INSECT OR COULD IT BE A PEST? 



How COULD IT BE CONTROLLED? 



What does 't eat? 



What occupations might be concerned if there were many of 
your insects? ^ 
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ZOOLOGY 
Level: High School 



ACTIVITY: The Living Invertebrate Heart 



Purpose : 

The purpose or this exercise is to observe the beating inverted 

BRATE HEART AND THROUGH YOUR OWN OBSERVATIONS AND EXPERIMENTS TO 
OETERMtNE ITS RATE ANO THE EFFECTS OF CHANGES |N THE ENVIRONMENT 
AND THE EFFECTS OF DRUGS ON THE RATE OF HEARTBEAT* 



Materials (parts a^ b^ ano c): 

a small beaker of pono water containing 

OAPHNIA 

Slide and cover glass 

Some bristles or pieces of broken cover 

GLASS TO support THE COVER GLASS ANO 
PREVENT OAPHNIA FROM BEING CRUSHED 

(CAUTION: IF YOU USE PIECES OF GLASS, 
HANDLE THEM WITH A PAIR OF FORCEPS, 
NOT WITH FINGERS) 
Similar beaker containing warm water 
{36°C) 

Watch with a sweep second hand 
Stereoscopic dissecting microscope 
Chlorpromazine solution 
Graph paper 



W|OE«MOUTHEO MEO I C I NE-DROPPER 
PIPETTE (for "fishing OUT" 

a single oaphnia ) 
Thermometer 

Large beaker of ice, water, 
and salt into which the 
small beaker containing 
oaphnia will fit |n order 
to lower its temperature 

Small dishes into which to 
transfer the cooled 
or warmeo oaphnia 

OexeoivIne sulfate solution 

^% ALCOHOL 



Procedure : 

Work in teams of two students, following the special instructions 

BELOW* 
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Part A • The Heartbeat at Room Temperature 

Student A; Take the temperature of the water in the container of 

oaphnia ano record it in your notebook, 
Student B; Place one of the Oaphnia on a slide in a drop of water. 

Place three or four pieces of broken cover guss or 

bristle in the drop and cover with a cover glass. 

Place the slide under the microscope and bring the 

heart into focus. 
Student A: Look through the microscope at the beating heart and 

get ready to count heartbeats* 
Student B: Look at the watch (with sweep second hand) and, when 

READY, SAY, "Go." 

Student A: Begin to count the heartbeats using the method out- 
lined FOR YOU BY your TEACHER* 

Student B: At the eno of 15 seconds, say, "Stop*" 

Student A: Count the dojs on your piece of paper and give the count 

TO YOUR T^AM-MATE. 

Student B: Multiply the count by 4 (15 seconds x 4 = 1 minute) 

AND record the CALCULATION* 

Repeat this procedure at least three times. Calculate the 
heartbeats per minute and take the average of your three TRSALS* 
Record this average count in your notebook* 
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Part B • The Kr^RXBEAx at Other Temperatures 

Raise or Lowtt*: the temperature of the water in the beaker con- 

TAlNlNG OAPHNIA BY PLACING THE SMALL BEAKERS CONTAINING OAPHNIA IN 
EITHER THE LARGER BEAKER Or WARM WATER OR IN THE BEAKER CONTAINING 
ICE^ WATER^ AND SALT, 

Place the bulb or the thermometer in the small beaker or OaphnIa 

AND VERY GENTLY (sO AS NOT TO HARM THE OAPHNIa) ROCK THE SMALL 
BEAKER TO MAKE THE TEMPERATURE Or THE WATER THE SAME THROUGHOUT 
THE BEAKER, WATCH THE THERMOMETER UNTIL THE DESIRED TEMPERATURE 
15 REACHED, YoUR PARTICULAR TEMPERATURE WILL BE ASSIGNED TO YOU 
AS rOLLOWS. 

Two TEAMS DETERMINE THE RATE Or HEARTBEAT AT 30^ BELOW ROOM 
TEMPERATURE BY TRANSrERRiNG THE DAPHNIA AND SOME Or THE COOLED WATER 
TO A PREVIOUSLY COOLED DISH AND OBSERVING THE OAPHNIA UNDER THE 
DISSECTING MICROSCOPE, BE SURE TO MAKE THE OBSERVATIONS BErORE 
THE TEMPERATURE RISES, 



Two TEAMS 


DETERMINE 


THE 


RATE 


or 


HEARTBEAT 


AT 


BELOW ROOM 


TEMPERATURE, 
















Two TEAMS 


DETERMINE 


THE 


RATE 


or 


HEARTBEAT 


AT 


20^BEL0W ROOM 


TEMPERATURE* 
















Two TEAMS 


DETERMINE 


THE 


RATE 


or 


HEARTBEAT 


AT 


BELOW ROOM 


TEMPERATURE, 














10^ BELOW ROOM 


Two TEAMS 


DETERMINE 


THE 


RATE 


or 


HEARTBEAT 


AT 


TEMPERATURE. 
















Two TEAMS 


DETERMINE 


THE 


RATE 


or 


HEARTBEAT 


AT 


5^ BELOW ROOM 


TEMPERATURE, 
















Two TEAMS 


DETERMINE 


THE 


RATE 


or 


HEARTBEAT 


AT 


Each team 


IS TO ENTER ITS riNDlNGS IN A TABLE ON THE BLACK* 



BOARD PATTERNED ArTER THE ONE rOLLOWiNG, 



Temperature 


Average Heartbeats 
PER Minute 


Initials { 
or Team 









When all the data are complete^ copy them rROM the blackboard 

INTO YOUR OWN DATA BOOK, 

Using graph paper make a graph or the data^ plotting rate or 

HEARTBEAT ALONG THE HORIZONTAL AXIS AGAINST TEMPERATURE ALONG THE 
VERTICAL AXIS. OlD ALL MEMBERS Or THE CLASS RECORD A SIMILAR RATE 
or HEARTBEAT AT ROOM TEMPERATURE? (l) At LOWER TEMPERATURES? (2) 

At higher temperatures? (3) How do you account roa this? (ij) 
From your graph, what ErrECT does lower temperature have on 

HEARTBEAT? (5) Is THERE AN EQUAL DirrERENCE BETWEEN EACH 5^ DROP 
IN TEMPERATURE, OR IS THERE A TEMPERATURE AT WHICH THE DROP IS MORE 
PRONOUNCED? (6) WhAT ErrECT DID HIGHER TEMPERATURE HAVE ON THE 
HEARTBEAT? (f) 

Part C » The Heartbeat and Chemical Compounds 

There are a number or substances known as TRANQuiLizERS^ which 

ARE BELIEVED TO QUIET THE NERVES, OnE OF THESE IS CHLORPROMAZINE, 

Other substances known as stimulants have an opposite ErrECi. Dex» 

EDRlNE SULrATE fS ONE Or THESE, HERE ARE SOME INVESTIGATIONS YOU 
CAN MAKE. Add to separate mounts or OAPHNIA, CHLORPROMAZINE SOLUTION 
AND DEXEDRINE SULrATE SOLUTION, INSTEAD Or WATER, 
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What is the effcct of chlorpromazinc on the hcart rate or 

DaPHNIA? (8) Do ALL TRANQUILIZERS HAVE THE SAME EFFECT? (9) 

What is the effect of dexedrine sulfate on the heart rate of 
Daphnia? (lO) What is the effect of alcohol on the rate 

OF HEARTBEAT? (ll) 

Could Daphnia be used to test thc concentration of tranqui- 
lizers, STIMULANTS, AND OTHER DRUGS OF UNKNOWN CONCENTRATION? ( 12) 
BiOASSAY IS A TECHNIQUE USING LIVING ORGANISMS TO DETERMINE QUAN« 
TlTieS OF SUSPECTED MATERIALS AND EVEN TO IDENTIFY THEM* 
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ZOOLOGY 
Level: High School 



ACTIVITY: Animal Behavior 
Purpose: 

The purpose of the present exercise is to study some of the 
behavioral characteristics of two kinds of Insects^ ANr adult fly 
(a fruit fly) and a larval form (caterpillar) of either a moth or 

A BUTTERFLY. ThE BEHAVIOR OBSERVED IN THESE INSECTS WILL THEN BE 
COMPARED WITH SOME SIMPLE EXAMPLES OF HUMAN BEHAVIOR THAT MOST PEOPLE 
MAY NOT EVEN THINK OF AS BEHAVIOR, In CONDUCTING THESE STUDIES OP 

man and insects^ keep in mind the possibility that in some respects 
the behavioral patterns may be similar. 

Materials: 

Test tube containing several fruit flies 
One living caterpillar 
Plant material known to be a source of 

food for the caterpillar and some 

plant material known not to be a 

source of food for this caterpillar 
Food coloring 

Liquid chlorine bleach (Clorox or a 
similar brand) 

Procedure: 

Part A « Reactions of Fruit Flies to Light 

Hold the test tube of fruit flies horizontally about 30 cm 
(1 ft) from a glowing light bulb. Do the flies tend to move toward 
or away from the light? (l) when handling the tube of flies, 
slowly turn it vertically and then horizontally, or at an angle, 

BUT DO NOT JAR OR TAP THE TUBE OR OTHERWISE DJSTRUB THE FLIES« WhY? 

(2) Change the position of the tube and hold it 100 cm from the 
LIGHT. Note the flies* reaction. Is it the same as at 30 cm? (3) 
By moving the tube closer to and farther from the light, determine 
the optimum distance at which the flies respond to the stimulus of 

THE LI rlT. (4) WHAT IS THE MINIMUM DISTANCE? {5) WhAT IS THE 

maximum distance? (6) 

What oo the above observations indicate about fruit fly behavior 
in relation to the brightness or intensity of the light? (7) 
Using colored light bulbs or colored cellophane, determine the red- 
action OF flies to lights of different colors. Do the flies react 

EQUALLY WELL TO LIGHT OF ANY COLOR? (8) DOES THE POSITION CF THE 
TUBE DETERMINE IN ANY WAY IN WHAT DIRECTION THE FLIES TEND TO MOVE? 

(9) 

In addition to emitting light, the electric bulbs also CMIT 
HEAT. What effect do you suppose the emission of heat may have 

ON YOUR observations CONCERNING FRUIT FLIES AND LIGHT? (IO) DEVISE 

A SIMPLE EXPERIMENT THAT WILL TEST THE REACTION OF THE FLIES TO HEAT 

OR COLD ALONE BUT NOT TO LIGHT. DO THE FLIES REACT TO DIFFERENT 
TEMPERATURES BY THEIR DIRECTION OF MOVEMENT? (ll) 
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Rubbing alcohol 
Deodorant 
Paraffin 

Light bulbs of different colors 
or colored cellophane wrapped 
over white light bulbs 
Sources of heat and cold 
Paper with a circle of 15-CM 

DIAMETER 



do th£ reactions obscrvcd in the flics sccm to be inborn or lcarncd? 
(12) how could you dctcrminc whether the reactions exhibited by 
the fruit flies are learned or inborn? (i3) 

Part 8 - Food Reactions of a Caterpillar 

On a piece of paper marked with a 15-cm circle, arrange four 
items of possible foods of the caterpillar at opposite points around 
the circle. use one piece of a plant normally eato^ by the cater- 
pillar, and three pt£ces of different plant materials known not 
to be a source of food for this insect. place the caterpillar in 
the center of the cirole, how does the caterpillar move in re- 

SPONSE TO THE PRESENCE OF ITS FQOD? (l4) WhAT FACTORS PRESENT IN 

this experiment tend to complicate the results and make it less 
accurate? (15) 

Continue your observations by altering the distances of the 
food materials from the center of the circle in order to determine 
the distance through which the larva is able to locate its specific 
FOOD. Rotate the positions of the various food materials during 

THE COURSE OF THE OBSERVATIONS. WhAT IS THE POINT OF DOING THIS? (l6) 

Prepare a chart with the four food items listed across the top 
and the distance from the center of the circle listed down the left 
SIDE, Record the number of times the caterpillar moves to each 
food source and the distances through which it moves. 

When the larva can locate its food in at least 80^ of the 

TRIALS, ASSUME THAT DISTANCE TO BE OPTIMUM, WhAT IS THiS DIS- 
TANCE? (17) 

In NATURE, WHAT WOULD BE THE EFFECT OF REMOVING A CATERPILLAR 

a considerable distance from its food source? (l8) 

how do you suppose a caterpillar locates its food - by its odor, 
color, or shape? attempt to answer these questions by the following 
experiments. 

Color . Dye the plant materials different colors with food coloring 
and attempt to determine if color plays an important role in 
food location* give the results of this test. ( 19 ) 

Odor , To determine if odor plays a part, soak bits of the 
plant food material in liquid chlorine bleach or rubbing alco- 
hol to disguise the natural ocob. you might try several brands 

OF STANDARD DEODORANTS, TrY DIPPING THE FOOD IN MELTED PARAFFIN. 

Are any of these methods of altering the normal odor of the 
plant successful in preventing the larva from locating its 

FOOD? (20) 

Shape . Is the shape of the food material of possible im- 
portance? Devise an experiment that will measure the caterpil- 

. LAR^S ability TO LOCATE ITS FOOD BY SIGHT ALONE, IRRESPECTIVE 
OF COLOR AND ODOR. DOES FOOD SHAPE SEEM TO DETERMINE THE WAY 
IN WHICH THE CATERPILLAR FINDS ITS FOOD? (21 ) 

On THE BASIS or YOUR EXPERIMENT, DOES THIS PARTICULAR CATER- 
PILLAR LOCATE ITS FOOD PRIMARILY BY ODOR OR SIGHT? (22) DO 
THESE EXPERIMENTS ADEQUATELY DEMONSTRATE THE METHOD BY WHICH 
THIS PARTICULAR CATERPILLAR IS ABLE TO LOCATE ITS FOOD? (2$) 
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VERTEBRAfl 




ZOOLOGY 
Level: High School 



ACTIVITY: Capillary Circulahon 



Purpose; 

The purpose of this exercise is to see and to understand 
the function of the capillaries as that part of the circula- 
tory system where exchanges of materials occur between the 
bloodstream and the cells of the body. 

Materials: 

Goldfish in a bowl or an aquarium 
Half of a Petri dish 
two halves of a microscope slide 
Medicine-dropper pipette 
Millimeter ruler 



Dip net 

Two WADS OF ABSORBENT COTTON 

(one thin and one thick) 
Compound microscope or stereo* 
scopic dissecting microscope 



Procedure: 

Soak the thin wad of cotton and spread it on the bottom of the 
Petre dish toward one end. At the other end place the half-slide. 

Soak the thick wad of cotton in water and have it ready for the 
next step. 

Using your net, remove the fish from the water. Puce it in 
THE Petri dish in such a position that its head and body lie on the 

moist cotton and its tail on the HALF-SLlDE. 

now place the thick, soaked wad of cotton over the body of the 
fish, and the otj^er half-slide over the tail so that the tail is 
sandwiched between the two, 

If the fish flips its tail out, as it may, simply put it back 
between the glass slides, you may have to do this more than once 

DURING THIS STUDY. AlSO YOU WILL HAVE TO REMEMBER FROM TIME TO TIME 

to place a few drops of water (uslng the medicine dropper ) on the 
cotton to keep it moist constantly, 

Remove the clips from the stage of your microscope and then place 
THE Petri dish on the stage so that the fish's tail is over the hole 

IN THE STAGE, 

Focus THE MICROSCOPE ON THE TAIL, THEN MOVE THE DISH AROUND 
UNTIL YOU FIND A PART OF THE TAIL IN V/H I CH YOU CLEARLY SEE THE 
CAPILLARIES AND FLOV/lNG BLOOD» ThE CAPILLARIES ARE THE SMALLEST 

in diameter of tb£ blood vessels you can see here, 

Look for a small artery (arteriole) at a point where it divides. 
The two forks of this division are the capillaries. Measure the 
diameter of the arteriole, and record, (l) measure the diameter 
of each of the capillaries coming from the arteriole and record each, 
(2) is the sum of the diameters of the capillaries greater or less 

THAN THE DIAMETER OF THE ARTERIOLE FROM WHICH THEY AROSE? (3) In 
WHICH VESSELS WOULD THERE BE THE GREATEST AMOUNT OF SURFACE FOR THE 
VOLUME OF BLOOD FLOWING THROUGH, IN THE ARTERIOLE OR IN THE CAP- 
ILLARIES THAT SPRING FROM IT? (5) ON THE BASIS OF THESE MEASURE- 
MENTS AND YOUR OBSERVATIONS, WOULD YOU EXPECT THE BLOOD TO BE 
FLOWING MORE SLOWLY OR MORE RAPIDLY IN CAPILLARIES THAN IN 
ARTERIOLES FROM WHICH THE CAPILLARIES ARISE? (6) DO YOUR OBSER- 
VATIONS BEAR OUT YOUR CONCLUSION IN QUESTION 6? ' {j) 
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The small objects which you sec moving through the capillaries 

ARC RED BLOOD CELLS* WhAT IS THEIR SHAPE? (8) HoW MANY OF THEM 
CAN PASS SIDE BY SIDE THROUGH THE CAPILLARIES? (9} CAN YOU 
FORMULATE A HYPOTHESIS TO ACCOUNT FOR ANY ADVANTAGE TO THE ANIMAL 
IN HAVING THE RED BLOOD CELLS PASS THROUGH THE CAPILLARY AS THEY 
DO? (10) 

Trace a capillary in the direction of the blood flow until it 

JOINS WITH ANOTHER ONE TO FORM A SLIGHTLY LARGER VESSEL (vENULE), 

Measure the length of a typical capillary^ and record, (11) Does 
the blood move more rapidly or less rapidly after it flows from the 
capillaries into a larger venule? (12) is the diameter of the ' 
venule the same or different frcm the dlamet£r of the arteriole' 
from which the capillaries arise? (i3} 

Why is IT ADVANTAGEOUS THAT THE CAPILLARIES HAVE AS THiN WALLS 

AS POSSIBLE? Would you expect much exchange between red blood 

CELLS AND THE BODY CELLS IN ARTERIES OR VEINS? WhY? (I^) 

Measure the distance between capillaries in the tail* Would* 
YOU assume that metabolism is as high in the fish's tail as it would 

BE^ FOR example^ IN SOME OF THE BODY MUSCLES? WhY? (i6} In VIEW 
OF YOUR ANSWER TO QUESTION I6, WOULD YOU ASSUME THAT CAPILLARIES 
WOULD BE CLOSER TOGETHER IN MUSCLE THAN IN THE TAIL REGION YOU ARE 
OBSERVING? (17) What CHARACTERISTIC OF RAW MAMMALIAN MEAT (mUSCLC) 
IN GERNERAL WOULD LEAD YOU TO BELIEVE YOUR ANSWER TO QUESTION 
RELATES TO MUSCLES IN ANIMALS OTHER THAN FISH? (18} 
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ZOOLOGY 
Level: High School 



ACTIVITY: Effect of Temperature on Goldfish Respiration Rate 
Purpose: 

To DETERMINE THE INFLUENCE OF WATER TEMPERATURE ON THE RESPIR* 
AT ION RATE OF GOLDFISH, COLD-BLOODED ANiMAUS ARE LITERALLY AT THE 
MERCY op THEIR ENVIRONMENT, LOWERING OF THE BODY TEMPERATURE IN 

response to reduced temperature of the environment may result in 
the crystallization of proteins in the blood, resulting in death, 
An Increase in body temperature may speed up metabolism to such an 

EXTENT that THE TISSUES ARE LITERALLY BURNED UP. 

Effect of Water Temperature on the Respiration Rate of the Goldfish, 
' The RESPIRATORY cycle in the fish is accomplished when the water, 

LADEN WITH OXYGEN, ENTERS THE MOUTH AND IS FORCED OUT OVER THE GILL 
FILAMENTS WHEN THE MOUTH IS CLOSED, ThE OXYGEN DISSOLVED IN THE 
WATER ENTERS THE CAPILLARIES, AND THE EXCESS CARBON DIOXIDE IN THE 
CAPILLARIES IS RELEASED INTO THE WATER* ThE OPERCULUM OPENS TO 
ALLOW THE CARBON-D I OXIDE LADEN WATER TO LEAVE THE GiLL CHAMBER, 
THUS COMPLETING THE RESPIRATORY CYCLE, THEREFORE, THE COUNTING OF 
THE MOVEMENTS OF THE OPERCULUM IS ONE METHOD OF COMPUTING THE RES- 
piratory rate of the goldfish, 

Materials: 

ONE HALF GALLON MILK CARTONS CUT IN HALF LENGTH WISE, 

goldfish; thermometer that can be immersed in water; crushed ice, 
timing device; warm water, 

Procedure and observations: 

PUl A GOLDFISH IN A MiLK CARTON WITH SUFFICIENT WATER TO COVER 
THE DORSAL FIN, PUT A THERMOMETER AT ONE EDGE OF THE AQUARIUM SO 

you can read it without disturbing the fish. 

In order to reduce the shock factor and avoid exciting the fish, 

ADD CRUSHED ICE SLOWLY TO THE AQUARIUM. CONTINUE TO ADD THE ICE 
UNTIL THE WATER TEMPERATURE iS REDUCED TO NEAR FREEZING, 

Now OBSERVE THE MOVEMENT OF THE OPERCULUM COVERING THE GILLS, 

Use your timing device and count the movements of the operculum at 

THE LOWEST TEMPERATURE FOR ONE MINUTE, RECORO THIS RATE IN THE 

ta£?le prov ded, 

Slowly add warm water to the aquarium at the end opposite the 

THERMOMETER, REMOVE SOME OF THE WATER ANO ICE SO THAT THE WATER 
VOLUME REMAINS CONSTANT, AVOlD EXCITING THE FiSH WHEN YOU ARE ADDING 
THE WATER. , (a) EXPLAIN WHY THIS IS NECESSARY. ^ 

C ontinue to add warm 

WATER UNTIL A FIVE-DEGREE RISE IN TEMPERATURE OCCURS, WAIT A FEW 
SECONDS FOR THE F I SH TO ADJUST TO THE CHANGE, THEN COUNT AND RECORD 
THE RATE OF OPERCULUM MOVEMENT AT THIS TEMPERATURE, CONTINUE 
ADDING WARM WATER TO THE AQUARIUM, REMEMBERING THAT SOME WATER WILL 
HAVE TO BE REMOVED, AND RECORD THE RATE AT EACH FIVE-DEGREE TEMPERA- 
TURE INTERVAL UNTIL THE WATER TEMPERATURE REACHES 92°F, IF YOU USE 
A CENTIGRADE THERMOMETER, CONVERT THIS TEMPERATURE, 

er|c ^2 

hfiiinniiinrfTnaaiia 



After the cxpcrimcnt remove the goldfish and place it in an 
aquarium at room temperature and well aerated* calculate the 
average rate of operculum movement for the goldfish, record in the 
table provided, and construct a graph based on the averages, 
(b) Discuss your observations of the fish during this experiment. 



(c) At which temperature did the greatest number of operculum move- 
ments OCCUR? 



Degrees 
Fahrenheit 



Fish 
#1 



Fish 
#2 



FISH 



Fish 



\ Average 

RATE 



J2 



TJ2 



3L 



62 



J2. 



21 



Interpretation: 

What is the relationship between the increase in water 
temperature and respiration rate in the goldfish? 



List the factors which, in addition to water temperature, 

COULD influence THE RESPIRATION RATES IN YOUR GOLDFISH. 



EXPLORK OTHER FACTORS SUCH AS THE EFFECT OF HEAT OR EXTREMELY 
COLD TEMPERATURES ON THE ENZYMES INVOLVED IN RESPIRATION, OR 
THE EFFECT OF OXYGEN STARVATION ON INTERNAL TISSUES OF THE FISH. 



FiSH ARE ADAPTED FOR AN AQUATIC LIFE AND' LIVE IN BOTH WARM AND 
COLD WATERS, In TERMS OF YOUR RESULTS, DISCUSS HOW THE RES- 
PIRATION RATES OF FISH IN THESE ENVIRONMENTS COULD VARY, 
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ZOOLOGY 
Level: High School 



ACTIVITY: Study of Populations 
Materials: graph paper 
Procedure : 

The following graphs could be used As an exercise in graphing 

OR TO study the GROWTH OF POPULATIONS. 

DATA ON THE POPULATION OF PHEASANTS ON PROTECTION ISUND 



1 Year 


; Population 


Population 




J SIZE IN 


SIZE 




: SPRING 


IN 






FALL 'l 


' 1937 


8 


to 


1938 


! 30 


100 


; 1939 


! 90 






300 


825 


' 19^1 


600 * 1520 



'1942 ' t 1900 



ring-neck pheasants were introduced on protection island, off 
the coast of v/ashlngton state, in 1937* counts of the population 
were made each spring and fall for the next five years. plot 
the data on graph paper. how can you explain the regular fluctu- 
ations shown on your graph? now, using a pencil of a different 
color^ connect all the points representing spring counts, smpping 
the fall counts. what does this tell you about the population? 
Remembering that this is a natural population, what do you think 
the counts after 19^2 might have shown if they had been made? 
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j .Average number of 

{Months }mice caught per 

hnO TRAPS PCR MIC^T 



May 1927 



1 



June 


1.3 


jJULY » 


2.3 


iAugust j 


3 


September \ 


- 6.5 


October 


3.2 


November 


2.5 


December 




iJanuary 192b! 


-¥ ■ 


J'ebruary 


5.5 


piARCH 




!april 





Data on a population of 
English field mice in a 
woods near Oxford, England # 



Plot the data on graph 

PAPER using a vertical 

scale. 



U1 



I Days 

1 

i 


, 1 
* Pddiii ATI Dm 1 

Or COLONY 1 

1 (in thousand) ! 




1 




1 .5 








k 


28 


8 




.16 


j 42 


22 


; 


32 


j 56 






50.3 


70 


55 


77 


62.5 : 


84 


72 


91 


72.5 




71 


105 


82 


112 


. 78 


•. 119 


81 i 



Data on the Population 
IN a Colony or Bees 



Plot the Data on Graph 
Paper 



Why would people in most areas or Biology need to have an 
understanding or graphing an^ populations? 
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BIOLOGY - BOTANY 



Architects 
Biologist 

DiCTlTIANS 

Landscape Architect 
oceanoqrapher 
Elementary Teacher 
Technical Writer 
Radiology 

Agriculture Extension Worker 
Farm Crop Production Technician 
Fish 1 Wildlife Technician 
Forester 

Livestock Production Technician 

Horticulturist 

Range Management 

Soil Scientist 

Carpenter 



Biochemistry 
Chemist 

Home Economist 
Life Scientist 
Recreation Leader 
Teacher secondary«college 
Veterinarian 

Agribusiness Technicians 
Dairy Production Technician 
Farming 

Fish Culture Technician 

FoRESTERY Production Technician 

Orchard Technician 

Parks Land Management Technician 

Soil Conservationist 

Food Processing Technician 
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BOTANY 
Level: Junior High 



ACTIVITY: Activities with Growing Plants around Home. 

TO THE TEACHER: This activity is to provide students an opportun- 
ity TO EXPLORE WITH DIFFERENT PROBLEMS WHICH COULD ARISE FROM 
GROWING HOUSE PLANTS* STUDENTS NEED TO PREPARE A RECORDING CHART 
IN A NOTEBOOK SO THEY CAN WRITE THEIR OBSERVATIONS AS THIS PROJECT 
IS CARRIED ON, ENCOURAGE STUDENTS TO WRITE WHY SOMETHING HAPPENS 
RATHER THAN JUST RECORDING OBSERVATIONS. MaNY REGULAR ACTIVITIES 

in classroom sotany can be tied into this project. 
Procedure : 

Have each student bring a plant from home, grow a plant from 
seeds, bring an onion, carrot or s\/eet potato that can grow in 
WATER. Each student should provide; a container and plant* The 

TEACHER should HAVE SOIL AVAILABLE FOR THOSE WHO DO NOT HAVE IT. 

Students should, with a piece of masking tape, put their names 
on the containers. students should record starting conditions in 
their notebooks. 

Activities that you can do with this plant include: 

Part 1: Conditions necessary for growth or germination. 

Observe how students will water plants and compare the 
different effects it has on the plants. some may want to try 
GROWING Them dark to see what effect this has* Some will also want 

TO USE ARTIFICIAL LIGHT WHERE OTHERS WILL WANT TO USE A WINDOW 
SILL TO GET SUNLIGHT. AlL OF THESE OBSERVATIONS CAN LEAD TO GOOD 

discussion as to what caused the differences. record all observations. 
Part 2: 

Buy a commercial plant fertilizer from a garden store. Follow 
the directions on the container and mix up some fertilizer and let 
some experiment bv putting fertilizer on their house plants. 
Observe the differences. Studcnts could try different amounts 

EACH WEEK TO SEE WHAT HAPPENS. ThE TEACHER SHOULD HAVE A PLANT 
WHICH COULD BE USED AS A CONTROL OR POSSIB^.Y SOME WON'T WANT TO USE 
PLANT FOOD* RECORD AND DISCUSS OBSl.:jVAT I ui^S . 

Part 3: Cuttings and Rooting Hormones 

Have students take several cuttings from their plant to 

POSSIBLY ROOT NEW PLANTS. ThE TEACHcR SHOULD HAVE SOME PLANTS 
AVAILABLE FOR CUTTINGS IF SOME STUDENTS PLANTS HAVE DIED OR DO 
NOT WANT TO LEND TO MAKE CUTTlNGSe ThE CLASS THEN CAN TEST EFFECTS 
OF COMMERCIAL ROOTING HORMONES WHICH aV^I FOUND IN GARDEN SUPPLY 

STORES. Treat some of the cuttings with a hormone leaving some 
AS IS* Plant both the treated and untreated cuttings in wet soil. 
Examine them weekly for root development and record the observa- 
tions IN THE STUDENTS* NOTEBOOKS. 



ERIC 



6S 



Part k: Response to Pruning 

Have students select about one half or the branches or their 
plant and cut the tips off. leave the other branches untreated. 
Observe^ count all the branches and make drawings of observati ons« 
Describe the effect of removing the tips from branches. Discuss 
what is the advantage of pruning house plants. 

Part 5* Transplanting 

Have students transplant their plants from one container to 
another. Observe what happens to plants. Why is a lot of water 
necessary in the new container? explain changes in the plant. 
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BOTANY 

Levcl: .Junior High & Above 



ACTIVITY: Trees ano Their Importance 

^4ATERIALS: loENTlFICATlON OF TREES, BOOKLETS (CoUNTY AgENT & 

Forest Service have many gooo aios) 
Ink print replicas of tree leaves 
Meterstick 
Tape measure 

STR I NG 

IntroouctIon : 

Trees are founo everywhere. We think of trees as plants that 

GIVE us SHAOE ANO AOO BEAUTY TO OUR ENVIRONMENT. WE OFTEN FORGET 

that they are plants that obtain maximum growth in a given number 
of years, after which growth is slow ano enos in oecay ano oeath. 
Have the class list all the uses for wooo.that they know. What 
parts or percentage of their home or school is constructeo of wood 

OR WOOO BY-PROOUCTS? It HAS BEEN ESTlMATEO THAT 3^ BILLION BOARO 
FEET OF LUMBER ARE USEO EACH YEAR. Th I S WILL, OF COURSE, INCREASE 
WITH POPULATION INCREASES. DoES TH I S MEAN WE WILL RUN OUT OF TREES? 
If IT WAS NECESSARY, HOW MUCH COULO YOUR CITY PROPERTY CONTRIBUTE 

to satisfy this oemano? how much income coulo this aoo to your 
city? v/hat kind of program coulo be put into effect for harvesting 
ano replenishing this resource? use the following activity to see 
if you can answer these questions. 

Procedure : 

Divide your class into teams of 3-^- ^*ave each team member 

SELECT 4 OR 5 LEAF PRINTS OF TREES FOUNO IN YOUR TOWN. Pl CK A 
DIFFERENT AREA NEAR SCHOOL OR HOME ANO ASK EACH TEAM TO F I NO THE 
FOLLOWING INFORMATION : 

A. Name each tree founo. (This is necessary as each type of 

WOOO HAS A DIFFERENT VALUE PER BOARO FOOT). EaCH TEAM 
MEMBER USING HIS OR HER LEAF REPLICAS SHOULD BE ABLE TO 
IDENTIFY THE TREE. If A TREE IS FOUNO WHERE IDENTIFICATION 
CANNOT Be MADE, LEAVES ARE COLLECTED AND BROUGHT BACK TO 
CLASS FDR CLASSIFICATION THERE. 

8. Determine the diameter of the tree at \ l/2 feet above the 
GROUND. With a tape measure or a 'string measure around the 

TREE (circumference) AND THEN FIGURE DIAMETER. (OnE-THIRO 
OF CIRCUMFERENCE FDR A ROUGH ESTIMATE). 

C. Determine the number of "saw logs" in each trunk. (A 

"saw log" !s i6 feet long). This can be done by one member 
OF the team standing by the tree and the other members 

STANDING A DISTANCE FROM THE TREE, AND COMPARE HIS HEIGHT 
WITH THE TREE TRUNK. 
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D. Determine how many trees have lost their value for lumber 

BECAUSE OF OLD AGE AND DECAY. HoW ARE THESE TREES DISPOSED 
OF? Is THIS AN ADDED COST TO THE OWNER OR CITY? ArE THERE 

younger trees growing in the area to insure a continuing 
supply of shade and beauty? 

Determine from the following table the number of board 
feet per species. current lumber values, per board foot, 
can be obtained from a lumber dealer for each type of wood. 
Find the value of lumber found in your area. 

Sum up your project by combining results of all teams, and 
propose a local harvesting - planting program. 



Possible Recording Chart 



Kind of tree 
&. Location 


DIA. 


# OF Saw logs 


Q I Price per • 
Board feet i , ^ ^ 

1 THOUSAND j 
i BOARD FEET j 




• 




I 



Table to obtain Board Fcet in a Tree: 

1, Find column headed by tree diameter you estimated 

2, Find line with number of saw logs you estimated 

3, Read the number where the column and line intersects. 
This is the board-foot volume of the tree. 



No. 



OF 



Diameter lOi 11 12- I3 : \\ l6 18^ 20| 22 261 28 



■■ 1 ^ . 

1 39;ii9 59. 71 _^83 
1 1/2 ■ 51' Q\ 78 96 112 



30 



110 liiOi l80j 220, 270I 320 1^370 \ 1|20 
150 200 '250' 300 370! lilW i 510 ; 590 



2 ■. 63 80 98 120 iiii 190 250 310.390 ii70i56o ! 650 • 760 

i ..■ 1 i ; 

Saw 2 l/2 72 92112 138 \9\ ZZQi Z^Qt 370. 1160I 5601 660 ' 780 1 9OO 



Logs 



127 156 i86 260 3I10 I130 530,61|0 



.31/2- 



770 ! 9CO 



201 28o'.370iii7o|58o 7101850 jioco 



1050 



1160- 
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BOTANY 
Level: High School 



ACTIVITY: Effects of Various Visible Light Wavelengths on the 
Growth of Green Plants 

Problem: 

Do SEED PLANTS GROW BETTER IN ONE WAVELENGTH OF LlGHT^ OR DO THEY 
GROW EQUALLY AS WELL IN ALL WAVELENGTHS? BASICALLY, ALL WAVELENGTHS 

of the vis.ble spectrum can be used in photosynthesis. you can ex- 
periment with the relative degree of effectiveness of the various 
visible light wavelengths on the growth of seed plants by covering 
green plants with sheets of colored cellophane. 

Materials: 

Healthy bean seedlings (4-in*) Cellophane paper 

Others may be substituted (white or clear, red, blue, 

green). 

Procedure : 

Use four healthy potted bean or other seedlings. Wrap each of 
the seedlings with cellophane paper. Be sure to fasten the paper 
so that light from the outside does not reach the plant. Or cut the 

TOP AND bottom OUT OF MILK CARTONS. PASTE THE CELLOPHANE OVER ONE 
END OF THE CARTON AND COVER THE PLANT. ThE PLANT WRAPPED IN CLEAR 
CELLOPHANE ACTS AS A CONTROL FOR THE EXPERIMENT. PLACE THE COVERED 
PLANTS IN A WELL-LIGHTED AREA OF THE ROOM SO THAT EACH ONE RECEIVES 
THE SAME AMOUNT OF LIGHT DAILY. WATER THE PLANTS REGULARLY AND ALLOW 
THEM TO GROW FOR ONE WEEK. ExAMlNE THE PLANTS, OBSERVING THE CONDITION 
OF THE LEAVES AND STEMS, THEIR SIZE, AND INTENSITY OF CHLOROPHYLL. 

Prepare a table and record your results. 

Remove a leaf from each of the plants, experimental and control. 
Use the iodine test to determine the difference in the amount of 
starch produced by each leaf. Account for any differences you 

FOUND IN starch PRODUCTION. 

You might extend your experimentation to include an alga or 
submerged plant. 

Analysis and Conclusions: 

Discuss YOUR RESULTS IN TERMS OF THE ABILITY OF THE PLANT TO 
RECEIVE ENERGY FROM THE SPECIFIC COLOR AND WAVELENGTH OF RADIATION 

it was supplied in the experiment. 

Why would the botanist or greenhouse operator need to under- 
stand THE EFFECT OF LIGHT ON PLANTS? 
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BOTANY 
Level: High School 



ACTIVITY: Separation of the Pigments That Occur in Leaves 
(Paper Chromatography) 

Purpose: 

In this exercise we shall use the simplest kind of chromatography 
to separate some of the pigments that occur in leaves. 

Materials and Equipment (per team): 

Paper clip Acetone 

Cork (to fit the larger test tube) Mortar and pestle 

Filter paper Cheesecloth 

Scissors Cleansing tissue 

Test tube, 25 x 200 mm Funnel 

Solvent {0% acetone, 92^ petroleum ether) Funnel support 

Test-tube rack Test tube, i8 x 150 mm 

Spinach leaves Pencils, 2 

Fine sand Pipette, with a very fine tip 

Procedure: 

Assemble the apparatus, but 00 not add the solvent yet» Bend 

A PAPER CLIP Into a long J and force into the bottom of the CORK. 

Cut a strip of filter paper so that its width is slightly less than 

THE INSIDE DIAMETER OF THE LARGER TEST TUBE. ThE STRIP SHOULD AL- 
MOST REACH THE BOTTOM OF THE TUBE. PLACE SEVERAL SPINACH LEAVES, 
A LITTLE FINE SANO^ AND ^ ^1- OF ACETONE IN THE MORTAR AND GRIND. 

Use CriECOtlCLOTH IN A FUNNEL. POUR FILTRATE INTO FUNNEL. COLLECT 
FILTRATE IN SMALL TEST TUBE. CAP WITH CORK. 

Support the strip of filter paper across two pencils. Use the 
tip of a paper clip to put a drop of pigment filtrate on the paper. 
Place a drop of filtrate on filter paper. 

Hang strip on cork and place into test tube with solvent. Oo 

NOT LET IT TOUCH GLASS. 8e SURE SOLVENT IS BELOW THE FILTRATE SPOT, 
(l CM below). 

When the upper edge of the solvent almost reaches the hook, 
remove the cork (with the filter paper attached) from the tube and 
hold it until the solvent has dried. 

Studying the Data: 

(l) What was the color of the filtrate? (2) Is there any evidence 

THAT MORE THAN ONE PIGMENT IS DISSOLVED IN THE ACETONE? (3) HOW 
MANY BANDS OF COLOR CAN YOU SEE? {k) WHY CAn't YOU SEE THESE PIG- 
MENTS IN THE LEAF? (5) SUGGEST A HYPOTHESIS TO EXPLAIN THE CHANGE 
OF COLOR THAT OCCURS WHEN A LEAF DIES? (6) HOW DO YOU KNOW THAT 
ALL THE PIGMENTS WERE SOLUBLE IN THE SOLVENT YOU USED? (7) FrOM 

what point did all the pigments start as the solvent began to rise? 
(8) What can you say about the time in which all the pigments were 
MOVING? (9) Sn v/hat characteristic, then, must the pigments have 

DIFFERED? 

For further investigation, try 100^ acetone as a solvent, lOOjS 

PETROLEUM ETHER AS A SOLVENT. UsiNG SOME OF THE SOLVENTS LISTED 
ABOVE, TRY SEPARATING OTHER PIGMENTS, SUCH AS THOSE IN THE BLACK 
OR BLUE INKS OF BALL-POINT PENS.j " 



BOTANY 
Level: High School 



ACTIVITY: An Exercise in Grafting 
Procedure : 

a tomato plant can be grafted onto a potato plant. first, plant 

A PIECE OF Irish potato, making certain that the piece has one or 

MORE EYES, SO THAT IT WILL SPROUT. PLACE THE PIECE OF POTATO IN 
MOIST SOIL, WATERING, BUT NOT SOAKING, WHEN NECESSARY, WhEN THE 
POTATO HAS GROWN SO THAT THE STEM IS ABOUT PENCIL THICKNESS, AND HAS 
A GOOD ROOT SYSTEM, IT IS READY FOR GRAFTING* 

In the MEANTIME, GROW A TOMATO PLANT OR YOU MIGHT GET ONE FROM 
A GREENHOUSE. ChOOSE A TOMATO PLANT THAT IS ABOUT THE SAME THICKNESS 

as the potato plant. slice a four or five-inch piece of the tomato 
plant off the top. slice the potato stem diagonally with an up- 
ward slice, so that it matches the cut made in the tomato stem. 
Remove most of the leaves from the tomato stem to prevent loss of 

WATER. Fit the pieces together, and hold them together BY MEANS OF 

a toothpick inserted lengthwise in the stem* 

Wrap the graft loosely with string. The Idea is to keep the 
grafted sections together so that they can heal. keep the plant in 
a shady spot until the graft heals, which should be about a week. 
Use plenty of water, but do not soak the soil. Leave the binding 

MATERIAL AROUND THE GROWTH FOR ABOUT TEN TO FOURTEEN DAYS. If YOU 

are careful to pollinate the blossoms of the tomato plant, you should 
be able to have both tomatoes and a potato on your plant* 

What type of careers would you need to know how to graft plants? 
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BOTANY 
Level: HIgh School 



ACTIVITY: How Molecules Enter a Root 



Materials: Ring stand 



Glass tube 
One hole cork 

MOLASScS 



Battery jar or large beaker 

Cork borer 

Paraffin 

Carrot 



Cell walls are on the outside of plant cells. They are not 

SOLID walls, because LIQUIDS CAN PASS THROUGH THEM. InSIDE THE 
CELL WALL tS A MEMBRANE. MOLECULES OF WATER, FOOD AND OTHER THINGS 
CAN PASS THROUGH, BUT MOST THINGS LARGER THAN MOLECULES CANNOT GET 
THROUGH. 

Demonstration or Lab Activity: 

Get a large, straight carrot. Using a cork borer remove a core 
about one-half Inch In diameter from the center, going as deep as 
YOU CAN, Fill the cavity almost full with molasses. 

Insert guass tubing in a one-hole stopper. Then put the stopper 
with the tube firmly Into the core of the carrot. Seal around the 
TOP of the stopper with melted paraffin, (note.: if THE CARROT 
HAS BEEN CLEANED SO THAT THE ROOTLETS ARE GONE, CUT OFF THE TIP.) 

Attach the tube to a ring stand with clamps. Now put a jar under 

THE CARROT AND FILL IT WITH WATER. MARK THE LEVEL IN THE TUBE EACH 

day for two or three days. how does this demonstration show what 
happens to water in roots? 

Why would people working in botany need to understand how 
molecules behave? 
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BIOLOGY - HUMAN BIOLOGY 



ANATOMY; 



Physical Therapist 
Psychologist 
Practical Nurse 
Rehabilitation Counselor 
Singer 

Elementary Teacher 
Technical Writer 
Radiologist 
Astronaut 
Chemist 

Dental HygenIst 

Dietitians 

Life Scientist 

Medical Record Librarian 

Occupational Therapist 

Barber 

Fireman 

Model 

Stewardesses 

Dental Laboratory Technician 

OpTIsCAL MkCHAnIC 



Physician 

Recreation Leader 

Registered Nurse 

Restaurant Manager 

Speech Pathologist 

Teacher secondary-college 

X-Ray Technician 

Anthropology 

Biologist 

Dancing 

Dentist 

Home Economist 

Medical Lab Workers 

Medical Technologist 

Optometrist 

Cosmetologist 

Hospital Attendent 

Show Repairman 

Food Processing Technician 

Optician 



PHYSIOLOGY: 



Physical Therapist 

PSYCHOLOdlSV 

Practical Nurse 
Rehabilitation Counselor 
Singer 

Elementary Teacher 
Technical V/riter 
Biochemistry 
Biologist 
Dentist 

Home Economist 

Medical Lab Workers 

Medical Technologist 

Optometrist 

Barber 

Cooks 

Hospital Attendent 
Stewardesses 

Dental Laboratory Technician 



Physician 
Recreation Leader 
Registered Nurse 
Restaurant Manager 
Speech Pathologist 
Teacher secondary-college 
Radiologist 
Chemist 

Dental Hygenist 

Dietitians 

Life Scientist 

Medical Record Librarian 

Occupational Therapist 

Pharamacist 

Cosmetologist 

Fireman 

Model 

Food Processing Technician 
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HUMAN eroLOGY 
Level : JuNfoR High 



ACTIVITY: The Life Science Careers in my Area and how Important 
Are They. 

Materials: Pictures of people in Life Science Careers 
Scissors 
Data Sheet 

Introduction: All of us have certain ideas about people; What they 
are llke^ what they can do^ if they are important or helpful* do 

YOU THINK YOUR IDEAS HAVE OR WILL CHANGE ABOUT PEOPLE? |n ThIS 
ACTIVITY YOU CAN DISCOVER WHAT PEOPLE THINK ABOUT THE IMPORTANCE OF 
LIFE SCIENCE CAREERS IN YOUR AREA. (ThIS ACTIVITY CAN BE RELATED 

to all careers.) 
Procedure : 

Have students identify what they believe are life science 

OCCUPATIONS in their COMMUNITY. AFTER THiS IS OONEj EACH STUDENT 
SHOULD DRAW OR CUT OJST PICTURES FOR 10 FLASH CARDS OF DIFFERENT 

OCCUPATIONS. Then interview people to get their views* Before you 

START SHOWING THE PICTURES YOU SHOULD EXPLAIN TO THE PERSON YOU 

ARE TO Interview what you are going to do. Make sure they under* 
stand before you start. glve him or her a copy of the data sheet 
(see example). Have each person rank each occupation as: 
(l) Not al all important; (2) Not very important; {3) In the middle; 
{k) important; (5) Very Important; and mark their decision on the 
data sheet. be sure the person you interview fills in the information 
on age and sex on the data sheet. you will want to interview alot 
of people from a wide range of age groups^ 

Interpretations: 

First plan how you will organize your data. You may want to 

organize it by age groups or adults and students or BOYSj GiRLSj 

men and women^ etc. compare your results. use your imagination. 
Try to think of different ways to compare the results. Can you 
make a bulletin board display of the survey results? do people's 

FEELINGS ABOUT PEOPLE CHANGE AS THEY GROW OLDER? Do BOY's FEELINGS 
DIFFER FROM THOSE OF GIRLS? Do MEN^S FEELINGS DIFFER FROM THOSE OF 
WOMEN? 

Possible Life Science Careers in Most Communities: 

Physician Dairy Farmer 

Nurse Meat cutter 

Biology Teacher Farmer 

Diet IT IONS Rancher 

OpTOMETR I ST Veter i nar I ans 

Dentist Fish & Wildlife Biologist 

Barber Recreation Leader ^ 

COSMOTOLOGIST MED.I CAL LAB TECHNICI AN" 

Forester Feed Lot Manager 

Horticulturist Range Manager 
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EXAMPLE DATA SHEET 



jStx 

AGt 



.Occupation 

1 . Farmer 
2. 

I: 
I: 
I: 

9- 

10* 



Not at 
All important 



Not 

VERY 
IMPORTANT i 



In the 
Middle: 



Import- 
ant 



Very 

IMPORT- 
ANT 
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HUMAN BIOLOGY 
Level: Junior High 



ERIC 



'ACTIVITY: How can we test foods for nutrients? 

Materials: Potato Medicine dropper 

Soda cracker Scalpel 
Bread Test tubes 

Karo syrup Test tube holder 

Milk Graduate 
Apple Benedict's solution 

Water bath 

Procedure: {starch test). 

A^ Cut a potato and use a scalpel to get some potato scrap ings* 
Place a level teaspoonful of scrapings in a test tube. 

B. WITH A medicine DROPPER, ADD JUST ENOUGH DILUTE IODINE 

solution to cover the potato scrapings in the test tube. 
Wait about 1 minute and then pour out the liquid and observe 
what has happened to the scrapings. record your observation 
in your notebook. 

c. do step b again using the following foods: 

l/2 soda cracker, 10 ml of milk, small piece of bread, 

LEVEL TEASPOON OF APPLE SCRAPINGS, 5 ML OF SYRUP. BE SURE 

to use a clean test tube or wash your test tube will after 
using each food. record your observations. 
(Sugar Test) 

D. Using ^ graduate cylinder, measure out 5 ml of white karo 

SYRUP AND POUR IT INTO A TEST TUBE. AdD 5 ML OF BENEDICT'S 

solution.- 

Place the test tube in a boiling water bath. 

f. as soon as a definite color change occurs, remove the 

test tube from the beaker. a color change to green, yellow 
OR RED Indicates sugar is present. Test the other foods 
the same way and record results in your notebook. 

Interpretations : 

1. Does a potATO contain starch? If so, how do you know? 

2. Does karo syrup contain sugar? If so, how do you know? 

3# If you had someone in your home who could not eat starch, 
how could you tell if a certain food could be eaten by 

THAT person? 

4. To WHAT MAIN GROUP OF NUTRIENTS DO SUGAR AND STARCH BELONG? 
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HUMAN BIOLOGY 
Lcyeu: Junior High 



ACTIVITY: Does saliva have an affect on starch? 



Materials: 
(per team) 



Dialysis membrane 
Starch solution 
Iodine solution 
Benedicts solution 
String 



Water bath 
Test tube 
Test tube holder 
Medicine droppers 
Rubber band 



To the Teacher: This activity can be used with a unit on foods and 
nutrition to show why food has to be broken down* students should 
be able to test for sugar and starch before this activity is run, 
Starch solution should be prepared by adding 5 ^^ of starch to 500 

ML OF WARM WATER* STIR THOROUGHLY^ AND HEAT UNTIL THE CLOUDY MIX- 
T(jftE BEGINS TO CLEAR^ ONE SHOULD EXPLAIN HOW THE MEMBRANE IS THC 
SAME AS A CELL IN THE BODY* 

Procedures (day l ): 

A. Test 5 ml of starch solution for sugar, using 5 ml of 
Benedict's solution. Record results in your notebook. 
Test 3 ml of saliva for sugar, using 3 ml of Benedict's 
SOLUTION* Record results. 

B. Securely tie one end of the dialysis membrane. Prepare a 

MIXTURE CONTAINING 10 ML OF STARCH SOLUTION AND k ML OF 

SALIVA. Carefully pour the mixture into the dialysis membrane* 
Rinse the outside of the membrane with clean water, 

C. Place the membrane in a test tube, or small beaker* Support 

THE MEMBRANE BY FOLDING ITS UNTIED END OVER THE EDGE OF THE 
TEST TUBE* FASTEN WITH A RUBBER BAND* MAKE SURE THE CONTENTS 
DO NOT SPILL OUT THROUGH THE UNTIED END. Fl LL THE TEST TUBE 
OR BEAKER WITH WATER* 

D* Near the end of the class period, remove (with a medicine 

dropper) about 3 ML OF THE MIXTURE FROM iNSlDE THE MEMBRANE* 

Test this sample for the presence of sugar and starch, and 
record results on your chart* w|th a clean medicine dropper, 
remove about 3 ml of water from the test tube (outsloe the 

membrane), AND TEST FOR STARCH AND SUGAR* RECORD RESULTS* 

Leave the dialysis membrane in the container of water until 
the next day. 
Procedure (day 2): 

At The beginning of the period, repeat Procedure D* Record 
results in your notebook* 

Interpretations: 

1. What effect did the saliva seem to have on starch? 
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2. Why do you think it 
small particles? 



IS IMPORTANT FOR FOOD TO BE DIGESTED INTO 



81 



7/ 



HUMAN BIOLOGY 
Level: 7th-10th 



ACTIVITIES: 

A* Mapping the Taste Receptors in the Tongue 

Certain parts of the tongue are sensitive to certain kinds of 
TASTES* These four tastes are salty, sweet, sour, and bitter* 
You CAN hap these areas on the tongue by placing a small amount or 
different tasting substances on a frlend^s tongue and noting the 
areas where he tastes the substance. 

First, use a solution of vinegar in water. Apply the solution 
to the back, sides and tip of the tongue with a small brush, glass 
rod, or toothpick, ask your friend to tell you when he tastes some* 
THING. Next, try a 10 per cent solution of salt. Follow with 

ASPIRIN IN water FOR BITTER TASTE AND A I5 PER CENT SOLUTION OF 
CANE SUGAR FOR THE SWEET TASTE. SHADE IN THE AREAS IN WHICH TASTE 
RECEPTORS ARE PRESENT FOR EACH SUBSTANCE. BE SURE HE RINSES HiS 
MOUTH WITH WATER BETWEEN EACH TASTE TEST. COMPARE YOUR RESUCfS 
WITH THOSE OF YOUR CLASSMATES* 

B. How DO THE Senses of Sight and Smell Affect the Sense of Taste? 

Choose five foods that have distinct smells and try to identify 
them with your eyes closed and holding your nose. describe your 
results below. , - 



C. Habits 

Have a fellow student dictate the following paragrpph to you 

WHILE YOU COPY IT AS FAST AS YOU POSSIBLY CAN ON ANOTHER SHEET OF 
PAPER. 

"The terrible Tanawanda Indians entered their tepees 

WITH TERRIFIC HASTE. It IS CERTAIN THAT THEY HAVE NO 

fixed patterns o; behavior or they would not have done 
so with such a startling noise." 
Record the time it took you to write the above paragraph 

Now have the student dictate the paragraph again, but this time 

DO NOT cross any T OR DOT ANY I . TrY TO COPY THE PARAGRAPH AS 
QUICKLY AS POSSIBLE. 

Record the time it took you to write the above paragraph. , 

Record the number of dotted i's and crossed t's. 

What were you forcing yourself to do the second tim?: you wrote 

THE PARAGRAPH (iN TERMS OF HABIt)? 

What is the value of this hasi?? 



D. Reflex Action 

Sit with one leg crossed loosely over the other. Strike your 

LEG JUST BELOW THE KNEECAP WITH THE EDGE OF YOUR HAND« A REFLEX 
ACTION WILL CAUSE YOUR LEG TO JERK UP. TrY IT ON YOUR CLASSMATES 
ALSO. 
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£♦ Sensation in the SkIn 
Problem: 

w£ know that the sense of touch is located in the skin, but there 

ARE NERVE ENDINGS FOR OTHER SENSATIONS THAN TOUCH IN THE SKIN, 

Where are some of the different nerve endings located in the skin? 

Materials: Straight pins Cork 
Nails Ice 
Hot water 

Procedure: 

Push two p?ns through a cork so that the poi.riTs stick out about 

1/4 «NCH APART* Blindfold a student and press the points of the 

PINS lightly against the skin on the FINGERS AND ON THE BACK OF 
THE HAND, BEING CAREFUL NOT TO CAUSE PAlN. NoTE WHE:N THE STUDENT 

can detect one point or two points. now using a cold nail and a 
warm nail, press the points of each on different parts of the back 
of the hand, determine when the sensations of cold or warm can 
be clearly felt. 

Observations: 

On a OUTLINE DRAWING OF THE HAND MARK THE PLACES WHERE THE 
PRESSURE OF THE SEPARATE PIN POINTS CAN BE FELT WiTH A THE 
PLACES WHERE THE COLD NAIL CAN BE DETECTED WITH A £, AND THE 
PLACES WHERE THE WARM NAIL CAN BE ?ZLJ WITH A W» COMPARE THE 
NERVE-ENDING "mAPs" OF DIFFERENT STUDENTS* 
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HUMAN BIOLOGY 
L£V£u: Jr« high or High School 



ACTIVITY: Locating the Blind Spot 

There are no cones or rods in the retina at the area where the 
optic nerve fibers and the eyeball join. therefore^ there is no • 
sight and this area is called the Blind spot. 

Procedure and Observations: 

Make a cross on the left side of a sheet of paper. About 3 
Inches away place a small circle. Close your left eye and hold the 
paper about twelve Inches from THEyiGHT eye. Look at the cross; 

THE CIRCLE WILL BE SEEN BY INDIRECT VISION. GRADUALLY^ BRING THE 

PAPER CLOSER TO THE EYE^ OR FARTHER AWAY FROM IT, UNTIL YOU CAN 

NO LONGER SEE THE CIRCLE. MEASURE THIS DISTANCE. (a) WhY DOES THE 

circle disappear at this point ? 

(b) Is the distance the same for all members of the class ? 

(c) If not, explain why there is a difference. 



Positive and Negative Afterimages: 

The length of time required for a stimulus to produce a sensation 
is very short. however, the sensation lasts a great deal longer 

THAU THE STIMULUS. FOR EXAMPLE, AN ELECTRIC SPARK MAY LAST ONLY 
l/8,0CO,CC0 OF A SECOND, YET ITS VISIBLE IMAGE USTS MUCH LONGER. 

This is referred to as an afterimage. When the afterimage is the 
same color as the original, it is called a positive afterimage. 
Negative afterimages appear in the complimentary colors of the orig- 
I naus% • 
Materials: 

White light source Colored light source 

2 X 2-lNCH RED-COLORED PAPER (ADDITIONAL ShEET OF WHITE PAPER 

COLORS MAY BE USED). ShEET OF RED PAPER (ADD- 

itional colors may be 
used). 

Procedure and Observations: 

Adapt your eyes to the dark by sitting in a darkened room for 
10 MINUTES. Then turn on the light for a second and look at the 

WHITE BULB. TURN OFF THE LIGHT. (a) WhAT K I ND OF AFTERIMAGE 
APPEARED? 

(b) How long did it last ? 

Now REPEAT the EXPERIMENT SUBSTITUTING COLORED LIGHTS FOR THE WHITE 

ONES, (c) Describe what happeneo.^ 

(d) What kind of afterimage appeared? 

Close your eyes and follow the afterimage, (e) Does the afterimage 

FOLLOW THE EYE MOVEMENTS? (f) EXPLAIN YOUR ANSWER. 

Now look intently for 20-30 seconds at a small red (other colors 

MAY BE substituted) CARD AND THEN AT A SHEET OF WHITE PAPER. (g) 

Describe what happened.^ ' . 

(h) What kind of afterimage appeared? 
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Look at the red card agacn. Then look at a sheet or red paper. 
(i) Describe what happened^ 



Focus YOUR EYES ON A COLORED OBJECT FOR 20~30 SECONDS. LoOK AT 

a white surface for a second and then close your eyes. (j) describe 
what happened . 

(k) What kind of afterimage appeared ? 



What careers involve understanding the anatomy and physiology 

OF the eye? 
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HUMAN BIOLOGY 
Level: High School 



ACTIVITY: Effect of Tobacco on Cell Life 

1. Soak two cigarettes, a cigar, or a quantity of smoking tobacco 

OVER NIGHT IN A TUMBLER OF WATER. FROM A CULTURE RICH IN PROTOZOA 
TAKE A DROP AND PLACE IT ON A GLASS SLlDE» AdD A DROP OF TOBACCO 

WATER. Examine with low power of a compound microscope, 

A. What is the effect of a tobacco solution on protozoa? 
Bo Account for the action of tobacco solution on one-celled 

LIFE. 

c« Does tobacco affect larger animals like man in the same 
way? 

D. I'ots tobacco smoking s%f tard the growth of young people? 

E. Why does the athletic coach forbid the use of tobacco by 

THE players? 

2. Place a goldfish in a beaker one-helf full of water. Add a 

QUANTITY OF TOBACCO WATER, 

A. Does the goldfish act in a normal way? 

B. How LONG A TIME ELAPSES BEFORE HE BECOMES UNCONSCIOUS? 

c. Does the fish rise to the surface or sink to the bottom? 

3. As soon as the goldfish appears to be "dead," place him in the 
clear water of the aquarium. 

a. how long before he is normal again? 

B. V/hAT IS THE EFFECT OF TOBACCO WATER ON A GOLDFISH? 

c. Does tobacco do as much harm to man as to goldfish? 

D. Just hov/ does tobacco affect man? 

E. V/HICH IS MORE HARMFUL, SMOKING TOBACCO OR CHEWING TOBACCO? 
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HUMAN BIOLOGY 
Level: High School 



ACTIVITY: Typing Blood 

It is a simple procedure to type your 8lood» First wash the 
tip of your middle finger with alcohol. sterilize the point of a 
needle by holding it in a flame for a few seconds^ or obtain a 

STERILE, DISPOSABLE BLOOD LACET (fROM ANY BIOLOGICAL SUPPLY HOUSe}« 

Stroke the middle finger toward the tip, pressing as you stroke, 
until blood is forced toward the tip. prick the skin near the tip 
to draw a drop of blood* 

Your LOCAL hospital, drugstore or biological supply house cak 
probably fuk^nlsh you with some dated serum containing agglutinins. 
Place one drop of anti-A serum on one side of a slide and one drop 

OF ANTf-B SERUM ON THE OTHER SIDE. ThEN PLACE ONE DROP OF BLOOD 
INTO THE ANTi-A SERUM AND MIX WITH A CLEAN TOOTHPICK* USlNG 
ANOTHER CLEAN TOOTHPICK, DO THE SAME ON THE OTHER HALF OF THE SLIDE 
WITH THE ANTI-B SERUM. Oo NOT MIX THE TWO SERUMS W:TH THE SAME TOOTH- 
PICK. You MAY SEE (l) NO CLUMPING ON EITHER SIDE, (2) CLUMPING 
ON ONE OR THE OTHER SIDE, OR (3) CLUMPING ON BOTH SIDES. |n THE 
SPACE BELOW, DRAW WHAT YOU SAW ON THE SLIDE YOU PREPARED. 



1. If ANTl-A CLUMPED YOUR BLOOD, BUT ANTl-B DID NOT, WHAT IS YOUR 
TYPE? 

2. If anti-B clumped your blood, but anti-A did not, what is your 

TYPE? 

3. If both anti-A and anti-B clumped your blood, what is your • 

TYPE? 

\. If neither serum clumped your blood, what is your type ? 



To The Teacher: Answer to 1. Type A; 2. Typ£ B; 3. Type AB; 
\. Type 0. 

Name the people in the medical profession, who should know how to 
type blood. 



R ECIPIE NTS BLOOD _ 
. AB A ; B * 0 



OONARS 

Blood 
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AB 
A 
B 
0 



+ 



+ Has Antigens 
- Has No Antigens 



+ 
+ 



Type 


1 ^ ' 


B 


i I 1 


AB 


AiiT 1 -A 


+ • 






•1- 


Anti-B 


. - i 


+ 


i - \ 


+ 



IN TESTING FOR BLOOD 
If blood coaggulates with anti-A serums - The type is A and not B. 
If blooo coaggulates with anti-B serum - The type is B. 
If blood coaggulates with both A and B- The type is AB. 
If there is no coaggulation - it is type 0. 
Rh test - If blood coaggulates it is RH positive. 
If it does not coaggulate - It is Rh negative (using Anti-Rh serum.) 
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CHEMISTRY - STRUCTURE OF MATTER 



Architects 
Biochemist 
Biologists 
Chemist 

Dental Hygenist 

Dentist 

Dietitians 

Engineering Technician 

Chemical Engineer 

Geologist 

Geophysicist 

Home Economist 

Industrial Designer 

Industrial Traffic Manager 

Life Scientist 

Medical Lab Workers 

Medical Technologist 

Meterologist 

Oceanographer 

Pharmacists 

Photographer 

Physicians 

Physicist 

Practical Nursi 

Registered Nurse 

ELEMENTARr-i TEA CH ER 

Teacher sec^ndary-college 
Technical Writer 
Veterinarian * 
Telegrapher 
Telephoner 
Brick Layer 

Floor Covering Installer 

Painter 

Plasterer 

Roofer 

Signal Maintainer 
Structural Steel V/orker 
Photo Engraver 
Stationary Engineer ^ 



FBI Agent 
Policemen & Women 
Stewardesses 
Agribusiness TechnCian 
Agriculture Extension Worker 
Dairy Production Technician 
Farm-crop Production Technician 
Farmer 

Fish & Wildlife Technician 
Fish Culture Technician 
Forester 

forestery production technician 
Livestock Production Technician 
Orchard Technician 
Horticulturist 

Parks Land Management Technician 

Range Management 

Soil Conservationist 

Soil Scientist 

Electroplater 

Food Processing Technician 

Composing Room Operator 

Industrial Maintenance Mechanic 

Instrument Maker 

Machine Tool Operator 

Pattern Maker 

Tool &. Dye Maker 

Dental Laboratory Technician 

Jewlers & Jewel Repairmen 

Optician 

Optical Mechanic 
Cement Mason 
Glazier 
Paper Hanger 
Plumber-pipe Fitter 
Sheet Metal Worker 
Stone Mason 
Weloer 

Power Plant Operator 
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STRUCTURE OF MAHER 
Level: Junior High 



ACTIVITY: 
Materials: 



Investigation Physical &. Chemical Properties of Unknowns 



SUGAR 

TABLE SALT 
BAKING SODA 
CORNSTARCH 
DRY POV/DKRED MiLK 
5 PLASTIC PAILS 
PLASTIC SPOONS 
SMALL PAPER CUPS 
ALUMINUM FOIL 
EYEDROPPERS 
WOODEN CLOTHES PiN 



(other powders which could be used) 
ground alkaselt2er 
tooth powder 
plaster of paris 
(any other "white" powder) 
black construction paper 
hand lenses 

VINEGAR (white) 
IODINE DILUTE 
STERNO CANS 

— (squeeze type) 



Procedure : 

Have students prepare in their notebooks or on a shelt of paper 
a lab recording sheet, 



Powder What 1 think Why I think so 

Number it is 



I f 1 

Have students number 5 cups. The teacher should have 5 different 
.mystery powders in pail in the back of room. have students get 

MATERIALS IN ThEIR CUPS, On THE FIRST DAY LET THEM ONLY USE THEIR 
SENSES TO TRY TO GUESS WHAT THE POWDER IS. STUDENTS SHOULD RECORD 
ANY GUESS ON THE LAB SHEET AND WHY THEY THINK SO, AFTER THE CLASS 
HAS INVESTIGATED THE POWDERS DISCUSS ALL OF THE CLASS GUESSES AND 
REASONS, If POSSIBLE RECORD THE CHOICES ON THE BOARD FOR FUTURE 

reference. 

Next hand out to students one half sheet of slack construction 

PAPER AND A CUP OF WATER. LeT STUDENTS INVESTIGATE PROPERTIES WITH 
THESE MATERIALS, ThEY SHOULD REVISE THEIR GUESSES AND REASONS AFTER 

THIS IS DONE, Remind students they are to find properties of a ^ 

CERTAIN POWDER SO THEY CAN IDENTIFY IT IF IT IS MiXED WITH OTHER 
POWDERS, 

In the next session students should use vinegar^ iodine and heat^ 
to check some of the chemical properties. when using heat^ cups to 
hold powders over the flame should be formed out of tinfoll and 
then held over the fire with clothes pins. after these tests^ 
students should have identified the powders and have v/ays to tell them 

APART. If they CAN NOT TELL WHAT THEY ARE^ THEY SHOULD BE TOLD, 

In the next session mix the powders and see if the students can 
tell which powders are in the mixtures from the tests they have run 

EARLIER, 
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STRUCTURE OF MATTER 
L£V£l: Junior High 



ACTIVITY: What is the Difference 

Materials: Teaspoon 
Sulfur (s) 
Iron Filings (Fe) 
Carbon disulfide (CSg) 
Evaporating dish 
Glass funnel 



WEEN A Mixture and a Compound? 

Ring stand with clamp 
Pyrej{ test tube 
Filter paper 
Rag or cloth 
bunsen burner 
Hammer 



Procedure: 

At Thoroughly mix 1 teaspoon of sulfur with 1/2 teaspoon of 
iron filings in a test tube* Pour some carbon disulfide 
(CSp) ON THIS MIXTURE. CAUTION: DO NOT HAVE A BUNSEN 
BURNER GOING WHILE THE CARBON DISULFIDE IS BEING USED. 

B. Filter the resulting mixture through a filter paper* 

C. Mix a second mixture of sulfur and iron^ as you did before. 
Heat to a high temperature. Rotate the test tube as you 
heat the mixture, so the test tube will heat evenly and 

WILL NOT BREAK. HEAT UNTIL THE MIXTURE SHOWS NO MORE 

ACTIVITY. (DO NOT BREATHE THE FUMES. )\ The mixture will 

BEGIN TO GLOW AS THE CHEMICAL REACTION BEGINS. 

D. Let the test tube cool. Wrap it in a cloto. Break it with 

A HAMMER. ThE CLOTH WILL PREVENT THE GLASS FROM FLYING. 

The compound will then be out of the test tube. 



E. Pour some carbon disulfide on this compound, as you did in 

STEP A. Try to separate the iron from the sulfur by filtering. 



WHAT DO WE SEE? 



1. Describe what happened in step A. 



2. Why was the filter paper necessary? 
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Describe what you saw as the iron ano sulfur mixture was 
heateo to a high temperature* 



Describe what the iron and sulfur looked like after the 
chemical reaction caused by heating had taken place. 



5. coulo you separate the iron from the sulfur in step e? 
If not, why not? 



WHAT DO WE LEARN? \ 
!• Explain how the iron was changed in this experiment after 

THE iron and sulfur MIXTURE WAS HEATED TO A HIGH TEMPERATURE • 



2. Complete the following equation: 

Fe + S 

(iron) (sulfur") (iron sulfide) 

3* how do you know iron sulfide is a compound? 

k. Does iron sulfide look like cither iron or sulfur? If not, 
how is it different? 

5. What is a mixture? 

6. Why were the iron filings and sulfur a mixture rather than 
a compound? 
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STRUCTURE OF MATTER 
Level : High School 



ACTIVITY: Growing Crystals 
Problem: 

Crystals are used for many purposes zn scientific research and in 
INDUSTRY. For many purposes^ crystals grown under carefully con- 
trolled CONDITIONS ARE MORE VALUABLE THAN CRYSTALS FOUND IN NATURE 
How CAN CRYSTALS BE GROWN IN THE LABORATORY? 



^4ateri als : 

Alum {potassium aluminum sulfate) 
Pan 

Hot plate or burner 
foreceps 
Soft cloth 

Procedure : 

Pour 100 grams of alum Into a jar containing 5OO ml of water. 
Put the jar in a pan of water and heat the pan and the jar^ but 

DO NOT HEAT THE WATER TO THE BOlLiNG POINT. St I R THE SOLUTION 

until all the alum is dissolved. pour some of this solution into 
two small jars to a depth of about 1 cm and let these stand for a 
few days until small seed crystals begin to form. as you see nicely 
shaped crystals forming^ carefully remove the most regularly-shaped 
ones with a foreceps and dry them on a paper towel. 

Seal the jar containing the balance of the stock solution and 

PUT IT IN 'a closet WHERE THE TEMPERATURE REMAINS ABOUT THE SAME 
(avoid extreme CHANGES IN TFMPERATURE FOR THE SOLUTIONS IN THIS 
ENTIRE experiment). LeAVE THE JAR UNTIL SOME OF THE ALUM BEGINS TO 
SEPARATE ONTO THE BOTTOM OF THE JAR. If THIS DOES NOT HAPPEN IN 

about two days^ add a few small pieces of alum and 3tir the solu- 
tion until they dissolve. 

Pour off the clear liquid into a quart jar and add about 25 more 

GRAMS OF ALUM. HeAT J^HD STIR AS BEFORE TO OBTAIN A SATURATED SOLUTION. 

Cut a piece of cardboard to fit inside the lid of the jar^ pass a 

THREAD THROUGH THE CARDBOARD^ AND TAPE THE THREAD IN PLACE. ThE 

thread should be long enough to reach about halfway into the solution. 
When the solution has cooled^ tie a seed crystal to the bottom of 
the thread (or fasten it with a drop of airplane glue ) and hang the 

SEED CRYSTAL IN THE SOLUTION. ChECK THE JAR TWO OR THREE TImES 

during the next hour to be sure the seed crystal is still in place 

Place the jar in a place where it will not be disturbed and 
where the temperature is even. wipe the growing crystal each day 
with a soft cloth to prevent the growth of secondary crystals. 
When the crystal has reached the size wanted^ remove it from the 

JAR^ wipe it dry with A CLEAN CLOTH^ AND STORE IN A BOX LiNED 

wi/h cotton* 



Clean glass jars with screw 

Ll DS 
MagnI F I ER 

Sewing thread 
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Observations; 

!♦ What' IS the shape or the alum crystal?^ 

2. How DOES THE SHAPE OF THE CRYSTAL COMPARE TO THAT OF THE SEED 
CRYSTAL ? 

3. What is meant by a saturated solution ? 



Where does the material for the growth of the crystal come from? 

/ 



5« What other chemical salts do you think will form crystals from 
a solution? 



Interpretation: 

Fill in the blank words in the following paragraph in the numbered 

SPACES at the right. 

Most minerals are crystalline in structure. That 1 

is the (1) or (2) making up the crystal are arranged g 

IN DEFINITE GEOMETRIC PATTERNS. EaCH SURFACE OF A 

CRYSTAL IS CALLED A (3)> AND THE EDGES WHERE THESE 3 

JOIN FORM THE [k) . ThERE ARE (5) BASiC CRYSTAL SYS- i| 

TEMS. These may be described in terms of how their 

(6) ^ IMAGINARY LINES SHOWING THE DIRECTION IN WHICH 5 

THE ATOMS OR MOLECULES ARRANGE THEMSELVES^ ARE 6 

ARRANGED. WHEN THREE AXES OF EQUAL LENGTH MEET AT 

90^ ANGLES^ THE CRYSTAL FORMS A CUBE AND IS CALLED 

(7) . A COMMON CRYSTAL EXAMPLE OF THlS SYSTEM IS 8 

SHOWN IN (8). iF THE THREE AXES ARE OF UNEQUAL .. g- vl.- 

LENGTH AND CROSS EACH OTHER AT ANGLES OTHER THAN 

90^, THE CRYSTAL SYSTEM IS CALLED (9). A COMMON 10 

MINERAL WHICH IS AN EXAMPLE OF THIS IS (lO). 



Application: 

1. Explain why a solid metal, such as a bar of iron or copper, 
can be changed in shape by stretching or hammering. 



2. What careers do you think would need to know something about 
crystal growth? 
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structur: of maher 

Level : High School 



ACTIVITY: Chemistry and New Materials 
Procedures: A. Flotation Process 

Pour a teaspoonful of cooking oil into a large beaker of water. 
Prepare a mixture of sand and iron filings. Mix the filings with 
the sand so that about one teaspoonful of filings is mixed with 
TEN ;e:aspoonsful of sand* Your results wIll be better if the filings 

ARE VERY FINE. Th I S SAND AND IRON MIXTURE REPRESENTS THE ORE. AdD 
THE ORE TO THE BEAKER OF WATER AND OIL AND STiR THOROUGHLY^ MoST OF 
THE IRON FILINGS WILL FLOAT ON THE SURFACE* ThE OIL AND THE SAND 
WILL STICK TO THE BOTTOM. YOU CAN FLOAT THE FILINGS RIGHT OFF THE 
TOP OF THE BEAKER BY GENTLY ADDING WATER TO THE BEAKER. 

B. How MUCH DO WE DEPEND UPON SYNTHETIC SUBSTANCES? As A CLASS 
STUDY, TAKE INVENTORY IN YOUR CLASSROOM OF THE VARIOUS ITEMS WHICH 
ARE SYNTHETIC SUBSTANCES SUCH AS PLASTICS, SYNTHETIC FIBERS, ALLOYS, 
AND SYNTHETIC RUBBER. ExTEND YOUR STUDY INTO YOUR HOME AND AUTO- 
MOBILE. Make a list of these objects below. 

Object Synthetic Material 
U 1. 

2. 2. ^ 

3- 3. 

h. k. 

5. 5. 

6. 



6, 



C. Vegetable fibers such as linen or cotton, burn differently than 

ANIMAL FIBERS, SUCH AS WOOL OR SILK, SYNTHETIC FIBERS BURN DIFFER- 
ENTLY THAN EITHER VEGETABLE OR ANIMAL FIBERS. EaCH HAS A CHARACTER- 
ISTIC APPEARANCE |N FLAME AND A CHARACTERISTIC ODOR. TesT SAMPLES 

of these fibers and record your results in the spaces below. 

Material Odor Burning Characteristics 

(a) linen ! 

(b) cotton 

(c) WOOL . ^ — 

(d) silk 

(e) rayon . ^ 

(f) Dacron ^ '^^ ^ 

(g) Orlon > 

(h) nylon ^ [ 
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STRUCTURE OF MATTER 
Level: High School 



ACTIVITY; Electron Configuration of Atoms 

Procedures: Complete the following statements forming accurate and 
complete sentences. 



!• Since the nucleus has a positive charge due to its protons, and 
a neutral atom contains an equal number of protons and of neg- 
atively CHARGED ELECTRONS, WE MIGHT EXPECT ELECTRONS TO BE HELD 
IN AN ATOM BY THE ^ 



1 



2. The simple "opposites attract" theory is not satisfactory for 
explaining the motion of electrons about the nucleus of an atom 
because we know that atoms 2 



3« For any wave motion, the speed of propagation equals the product 

0F_^ 3 

k. The energy of a photon, E, may be represented by the expression, 
E = k 



5« When excited atoms radiate energy, the radiation is evolved in 

units called 5 

6. * When excited atoms return to their normal states and the light 

THEY EMIT IS PASSED THROUGH A SPECTROSCOPE, WE MAY OBSERVE A (n) 

6 

7. Energy tr/wsitIons wIthIn an atom do not occur continuously, 

BUT are in ^ 7 



8. The kinds of spectra which are explained satisfactorily by the 
Bohr concept or the atom are ^ 8 

9. A SPACE ORBITAL IS 9 



10. The I.-UERPENETRATION OF ONE FREE ATOM bY ANOTHER IS PREVENTED BY 

10 



11. The QUANTUM NUMBER WHICH INDICATES THE AVERAGE DISTANCE OF THE 

electron from the nucleus of the atom is the 11 

12. The number of orbital shapes possible in the Energy level is 
1 2 

Procedures: 13-i6- each sublevel type, furnish the required infor- 

mation. 

Sub- Number of space Maximum number of Lowest energy level 
level orbitals electrons having this sublevel type 

s . • • . • • • 

p 

D 

F » , 
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Procedures: Write answers to the following in the spaces provided 
Make complete statements where appropriate. 



ly^ What is the most stable otate of an atom called ? 1 7 
l8» Under what conditions may two electrons occupy the same space 

ORBITAL ? l 8 

19* What is an electron paIr ? 19 

20. V/HAT name is given to an outer shell containing eight electrons? 

' 20 

21. (a) V/hICH 3UBLEVELS OF THE ENERGY LEVEL ARE FILLED IN THE 
ELEMENT ARGON (Ar-ATOMIC NUMBER l8 )? 2 1A 

(b) In the element krypton (Kr-atomic number 36) ? 2 1 b- 

22. When do successive electrons entering the 2p orbitals start to 
PAIR up? 22 

23. Which sublevel in the M shell has a higher energy than the ks 
sublevel ? 2 ^ 

24. In what order do successive electrons usually enter the sublevels 
of the atoms of the fourth series? 2 ^ 

25. Which atoms in the fourth series have structures which appear 

TO BE irregular BECAUSE OF THE STABILITY OF (a) A HALF-PILLED 

3d sublevel ? g 5A 
(b) a completely filled 3d sublevel ? 2 '5b 

26. v/rlte the electron-dot symbol for an atom having an atomic number 
of 13 and a mass number of 2 7 2 6 

27. In which series of elements do electrons enter the 4f sublevel? 

27 

28. Complete the following table 



Symbol- 
Atom 1 c 

NUMBER 

ji — irz 


Electron 
configurati on 
notation 


Electron-dot 
notation 


1 

Orbital notation 
Is 2s 2p 3s 3p 3d Ifs 
























F-9 








Mg-12 
















S-16 


: i 1 


AR-18 ' ' i 


Ca-20 I 




. fic-?i • . . i 
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STRUCTURE OF MATTER 
Level: High School 



ACTIVITY: Charged Particles in Solution 

The transfer of electrons results in objects becoming either 

POSITIVELY OR NEGATIVELY CHARGED, If TWO OBJECTS HAVE UNLIKE CHARGES, 
THE OBJECTS WILL ATTRACT EACH OTHER. If THE CHARGES ARE THE SAME, THE 

objects will repel each other, 

During this investigation you will study the effect of electricity 
on particles in solution, 

J4aterials: (per team) 

2 PAPER CLIPS 2 LENGTHS OF BELL WIRE (IO-INCh) 

250-ML BEAKER ML OF DISTILLED WATER 

12-1 NCH LENGTH OF DlALYSlS TUBiNG 6-VOLT BATTERY 

10ml of iodine-potassium iodide SOLUTlON-( IKI ) 

Procedures : 

Set up the apparatus as follows: 

A. Unfold two paper clips so their lengths are doubled. Remove 

THE INSULATION FROM THE ENDS OF BOTH BELL WIRES. FASTEN A WIRE 
TO ONE END OF EACH UNFOLDED PAPER CLIP. 

B. Half-fIll a beaker with oistilled water. Moisten the ialysIs 

TUBING, AND TIE A KNOT IN THE MIDDLE OF IT, HOLD UP THE ENDS OF 
THE TUBING AND FILL EACH HALF WITH DISTILLED WATER TO A DEPTH OF 

ABOUT h Inches. Carefully lower the dialysis tubing into the 

BEAKER OF WATER AND FOLD THE FREE ENDS OF THE TUBiNG OVER THE 

EDGE^ Insert a paper clip electrode into the water in each half 

. OF THE TUBING. ATTACH THE FREE ENDS OF THE WIRES TO THE BATTERY. 

NOTE: ELECTRICITY FROM THE .BATTERY WILL SUPPLY ELECTRONS TO ONE 
PAPER CLIP AND REMOVE ELECTRONS FROM THE OTHER, THUS ONE PAPER 
CLIP WILL HAVE EXCESS ELECTRONS AND BE NEGATIVELY CHARGED, VvHiLE 
THE OTHER V/lLL BE POSITIVELY CHARGED. 

C. Add 10 ml of the brown-colored (IKI) solution to the water in 

THE BEAKER. AlLOW THE PAPER CLIPS TO REMAIN CONNECTED TO THE 
BATTERY FOR ABOUT TWENTY MINUTES. 

D. Mark or label each end of the tubing with a + (positive) or - 
(negative) sign to match the poles on the battery* Disconnect 
the battery anu* remove the electrodes from the tubing. lift the 

TUBING OUT. OF THE BEAKER AND OBSERVE ANY CHANGES THAT MAY HAVE 

occurred in each half. 
Interpretations : 

1, What happened to the water in the tubing that was connected to 

THE positive SIDEi)F THE BATTERY? WhaT HAPPENED ON THE NEGA- 
TIVE SIDE? 

2, Do YOU THINK THAT PARTICLES OF THE BROWN-COLORED SOLUTION HAVE 
A POSITIVE CHARGE OR A NEGATIVE CHARGE? 
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Interpretations (cont.) 

3% From the results of this investigation, what evidence do you 
HAVE that: 

A# NEUTRAL ATOMS MIGHT LOSE ELECTRONS AND BECOME POSITIVELY 
CHARGED? 

B. NEUTRAL ATOMS MIGHT GAIN ELECTRONS AND BECOME NEGATIVELY 
CHARGED? 
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STRUCTURE OF MATTER 
Level: High School 



ACTIVITY: Densities of Liquids 

Problem: Each form of matter has a certain mass or weight. The 
density of a solid can be determined by comparing the weight of one 

CUBIC CENTIMETER (cm3) OF THE SUBSTANCE TO THE WEIGHT OF ONE CM^ 

OF water; How can the density of a liquid be determined? 
Investigation: 

The weight in grams of 100 milliliters of each liquid tested was 

FOUND, AS SHOWN BELOW. ThE RESULTS OF THE EXPERIMENT ARE SHOWN IN 
THE TABLE BELOW. 




LiouiD Tested 


Volume i n 
Milliliters 


We I GHT 

IN Grams 


Density 
Per Cm3 


Water 


100 


100 


1.00 


Cooking Oil 


100 


92 


0.92 


Rubbing Alcohol 


100 


8o 


0.80 


Glyceri N 


100 


125 


1.25 


Whole m i lk 


100 


103 


1.03 
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Interpretation : 

According to the results shown in the table, mark each of the following 
statements true. false^ or not proved in the space provided. 



!• The volume of one milliliter of any liquid equals 
one cubic centimeter* 

2. The weight of one milliliter of glycerin equals 

ONE GRAM« 

100 



3. Alcohol and water can be mixed without 

separating. 

\. If cooking oil and water are mixed, the oil will 

float on top of the water. ^ 

5. If GLYCERIN AND ALCOHOL ARE MIXED, THE ALCOHOL 

will float on top of the glycerin. 

6. Whole milk has a greater density than skim milk. t 

7. The WEIGHT OF ONE MILLILITER OF WATER EQUALS ONE 

GRAM. 

8. The temperature of a liquid has an effect on its 

DENSITY. , 

9. If a liquid has a density greater than 1, it will 

float on water. , 

10. The same volume of liquid must be weighed each 

time in order to find its density. ' , 



Application: 

Explain why milk is homogenized to prevent the cream from separating 

OUT AND floating ON TOP OF THE MILK. 
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STRUCTURE OF MATTER 
Level: High School 



ACTIVITY: Atomic Structure 

Purpose: To acquaint you with some basic ideas or chemistry that 
will aid you in 6i0l0gy. 

Instructional Objectives: (following a lecture and reading) 

1. The student will be able to correctly draw the atomic structure 
of any element from the periodic table. 

Z. The student will be able to draw out an example of a chemical 

REACTION involving ONE REACTION IN A COVALENT BOND^ AND ANOTHER 

reaction in a ionic bond. 

3. The student will be able to write a short paragraph on the 
strength of bonds and the parts of an atom involved in a bond. 

\. The STUDENT WILL BE ABLE TO CONVERT A CHEMICAL FORMULA INTO 
WORDS^ IN TERMS OF ATOMS. 

^4ATERIALS: 

Modern BiologYs pp 3^-^1 

Learning Activities: 

Required: (#1 and either 2 or 3) 

1. Convert chemical formula Into words, in terms of atoms. 
Example: HgO is two atoms of hydrogen combined with one 
atom of oxygen to form one molecule of water, (hand in 

TO YOUR instructor.) 

A. C6Ht206 

B. HCL 

C. CO2 

D. H2SO4 

E. NaCL 

F. CO 

2. Take any two of the above and draw their structural formula 

AND indicate IF IT IS AN IONIC OR COVALENT BOND. (MUST 
HAVE ONE OF EACh). HAND IN TO YOUR INSTRUCTOR. 

3. Draw thl atomic structure of elements #6, #27, #73. (hand 

IN TO YOUR instructor). 




Optional: (complete two and hand into your instructor) 

!• Write the chemic>^l symbol for the foorteen most abundant elements 
in living organisms. 

2. Compose a list of careers you feel their knowledge on atomic 
structure would be helpful. 

3« Design an experiment to show dissociation of ions« 

k. Write a short paragraph on why you feel basic chemistry is 
necessary in biology and any other field* 



Demonstrations of Learning: 

You WILL BC EVALUATED ONI 



U The material handed in. 



2« Oral exam (four qucstions^ one on each of the instruc- 
tional objectives) You must answer all four to the 
satisfaction of the teacher. 



(OR) 



3. Written exam which will include short essay questions 
on the instructional objectives and a terminology test 
FROM PP. 50 IN Modern Biology. The student must re- 




ERIC 



103 



CHEMISTRY - BEHAVIOR OF MATTER 



Biochemist 

Biologist 

Chemist 

Dental Hygenist 
Denist 

OlCTITtAN 

Enqincering Technician 

Chemical Engineer 

Geologist 

Geophysicist 

Home Economist 

Industrial Designer 

Industrial Traffic Manager 

Life Scientist 

Medical Lab Workers 

Medical Technologist 

Meterologist 

Oceanoqrapher 

Pharmacists 

Photographer 

Physician 

Physicist 

Purchasing Agent 

Practical Nurse 

Registered Nurse 

Supermarket Manager 

Elementary Teacher 

Teacher secondary-college 

Technical Writer 

Veterinarian 

Food Processing Technician 

AiRCDAFT Mechanics 

Automobile Mechanic 

Composing Room Operator 

Diesel Mechanic 

Farm Equipment Mechanic 

Industrial Maintenance Mechanic 

Instrument Maker 

Machine Tool Operator 

Office Machine Repairman 

Pattern Maker 

Printing Pressman 

Tool & Dye Maker 

Dental Laboratory Technician 

Furniture Upholsterers 

Jewlers & Repairmen 

Optician 

Optical Mechanic 
Watch Repairman 
Brick Layer 
Cement Mason 
Telephone Installer 
Floor Covering Installer 
Insulation Worker 
Painter 

Plumber-^Pipe Fitter 
Lineman 



X^Ray Technician 
Telegra/'her-Telephoner 
Auto Parts Man 
Manufacturer Representative 
Delivery Man 
Building Custodian 
Cooks 
Firemen 

Hospital Attendant 

Hotel Housekeeper 

FBI Agent 

Policemen & Women 

Stewardesses 

Agribusiness Technician 

Agriculture Extension Worker 

Dairy Production Technician 

Farm-crop Production Technician 

Farmer 

Fish & Wildlife Technician 
Fish Culture Technician 
Forester 

forestery production technician 
Lab Animal Care Technician 
Livestock Production Technician 
Orchard Technician 
Horticulturist 

Parks Land Management Technician 

Range Management 

Soil Conservationist 

Soil Scientist 

Signal Maintainer 

Stone Mason 

Structural Steel Worker 
Telephone Repairman 
Welder 
Bookbinder 

Broadcast Technician 

Electro Typers 

Gasoline Service Station 

Truckdr I VER (attendant^warehouse) 

Lithographic Occupation 

Locomotive Engineer 

Apprentice Engineer 

Meter Man-Woman 

Projectionist 

Photo Engraver 

Power Plant Operator 

Stationary Engineer 

Boiler Fireman 

Stevedore 

Power Dispatcher 

Electroplater 

Glazier 

Plasterer 

Paper Hanger 

Roofer 

Sheet Metal Worker 
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BEHAVIOR OF MAHER 
Level: Junior High 



ACTIVITY^ Solutions • Suspensions and Density 

Materials: Food coloring (3 different colors) Plastic boxes with lids 



Procedure: 

. Place water in buckets and scatter them around the room. Have 

EACH student TEAM TAKE A CARDBOARD TRAY^ ^ VtALS^ 2 DROPPERS AND A 

plastic box with a lid, pass out to each student a small amount of 
each color of food coloring. ask students to fill vials with water 
and to aust test what happens when food coloring is placed in water. 
After students have played with the solutions one might suggest 
some of the following activities to try: 

Does different temperature of water cause a change? 
Does height from which drop falls make a difference? 
Can you get color to stay in middle of vial? 
Can you make smoke rings? 

What different colors can you make from your 3 colors? Etc* 

After students have tried to answer the questions and a dis- 
cussion IS HELD OVER THEIR ANSWERS^ CLEAN UP ALL MATERIALS. 

The next session hand out salt to the students in paper cups, 
do not hand out any food coloring. ask students to mix up differ- 
ent solutions with different amounts of salt. discuss what happens. 
Ask what food coloring wouud do in salt water? Hand out food 
coloring and then after discovery, ask them to try to solve 
questions in the first session* discuss density with students. 
Clean materials* 

For Third session prepare k buckets with each having a different 

SALT WATER DENSITY AND COLOR— EACH ONE A DIFFERENT COLOR TO KNOW 
THEM APART. ASK STUDENTS TO EXPERIMENT WITH THE SOLUTIONS AND 
DISCOVER WHICH IS THE HEAVIEST TO THE LIGHTEST. ThEN HAND OUT TO 
TH^. STUDENTS CLEAR SODA STRAWS ANO ASK THEM TO GET 1 , 2, 3 & ^ 
LAYERS IN THE STRAWS. AFTER THIS THE TEACHER CAN USE k DIFFERENT 
LIQUIDS SUCH AS ALCOHOL, VINEGAR AND WATER, AND ASK WHICH IS WHICH 
WHEN THE DENSITY IS KNOWN. (uSE CIDER AND WHITE VINEGAr) 

TO THE TEACHER: This lab can be used to support work on solutions 

AND SUSPENSIONS. IT ALSO IS GOOD TO SUPPORT A DISCUSSION OF THE 
BEHAVIOR OF MOLECULES IN THE MOLECULAR THEORY. 



Plastic pails 
Droppers 
Coarse salt 

VIALS 

Clear soda straws 



squeeze bottles 
Alcohol 

Vinegar (cider & white) 

PAPER CUPS (small) 

Cardboard trays 
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BEHAVIOR OF MATTER 



Level: Junior High 



ACTIVITY: What are some common solvents? 



Materials: Test tube rack Solvents; 
5 test tubes 

FORCEPS 

5 GLASS STIRRING RODS SOLUTES: 
MEDICINE DROPPER 
TEST TUBE BRUSH 



WATER 
ALCOHOL 

CARBON TCTHACHLORIDE 

SALT 

SULFUR 

RUBBER BANDS 
IODINE CRYSTALS 
OIL 



Procedure ; 



A. Label the test tubes #1, #2, #3, ^k, and #5 with a wax 
PENCIL,. In #1 POUR 20 cc OF water. Pour 20 cc of alcohol 
INTO #2, Pour 20 cc of carbon tetrachloride into #3. Pour 

20 cc OF CARBON DISULFIDE INTO #4^ AND POUR 20 CC OF BEN- 
ZENE INTO #5, (Do NOT BREATH THE FUMES OF CARBON TETRA- 
CHLORIDE.) 

B* Put a pinch of salt in each test tube and stir gently* 
Under 'Wt Do We See?" write "yes" if it dissolves, 
"no" if it doesn't. 

C. Wash each test tube thoroughly, with a tcst tube brush. 
Refill with fresh solvents. Repeat step B, using small 

PIECES OF sulfur. REPEAT AGAIN USING RUBBER BANDS, lODlNE 
CRYSTALS, AND, FINALLY, A FEW DROPS OF OIL. (USE A MEDI- 
CINE DROPPER FOR OIL AND FORCEPS FOR THE SOLID CHEMICALS*} 
Be sure to RECORD YOUR RESULTS EACH TIME IN THE TABLE 

UNDER ''What Do We See?". 

WHAT DO V;e see? 

1. Record your observations in the table* 



SOLUTES 





1 Salt j Sulfur 


1 Rubber j 


Iodine 


1 1 


s 


WATER ; i 

■ ■ ■ ' — ' ■ ' ' 




I 


Alcohol 




V 


Carbon tetrachloride | | 


i i 






■ i 


Carbon disulfide 


• » 






Benzene | | 


1 I 


i ! 
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2. Describe what happened when you put the sulfur in water: 



AND IN CARBON DISULFIDE: 



3« Tell what happened when you put dil in water: 



AND IN CARBON TETRACHLORIDE: 

k. OlD THE RUBBER DISAPPEAR COMPLETELY IN ANY OF THE SOLVENTS? 
If SO^ in WHICH ONES? 



WHAT DO WE LEARN? 

1« Which solvent dissolved the most solutes? 



2. From your experiment^ what do you thInk the solution called 
"tincture of iodine" is made of? 



THINGS TO DO: 

U Put a small piece of wool cloth in a test tube containing 

A 5^ SOLUTION OF SODIUM HYDROXIDE (NaCH)^ ThEN WARM THE 
SOLUTION VERY GENTLY , TrY IT AGAIN, USING JUST WATER AND 
CLOTH* 

Z. Try to dissolve sugar in water, alcohol, and oil (kerosene )< 
Descrioe what happens* 

3* Make a report td your class dn how different solvents are 
used to remove stains from clothing. 
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BEHAVIOR OF MATTER 
Uv£l: High School 



ACflVITY: Physical and Chemical Changes 

Purpose: To study the differences between physical and chemical 
changes in matter. 

Material: 



(ntroduction: 

Matter undergoes many changes* In some cases only the temperature^ 

physical state^ size of particle or color is changed* ice melts and 

water evaporates, such changes are physical. 

In other cases different substances with new CHARACTERISTIC PROP- 
ERTiES ARE FORMED. WOOO BURNS AND METALS TARNISH, SUCH CHANGES ARE 
CHEMICAL. Heat, light, electricity, and SOLUTION ARE OFTEN INSTRU- 
MENTAL IN STARTING CHEMICAL CHANGES, In MANY CASES, TOO, THEY ARE 
PRODUCED AS THE IMMEDIATE RESULT OF SUCH CHANGES. 

Procedures: 

1. Examine the platinim wire test rod. Observe the color and luster 
c of the metal. hold the wire in the flame of your burner for 

about two minutes, recall part of experiment in which you deter- 
mined the hottest part of the flame. does the appearance of the 
. platinum wihe support your previous conclusion? describe the 
appearance of the wire while held in the hottest part of the 
FLAME. Allow the wire to cool and re**examine it. Conclusion? 

Observations: 



2. Sandpaper a piece of magnesium ribbon about 3 cm in length to 
remove the tarnlsh. note the color, luster, and flexibility of 
the metal, holding one end with the forceps, ignite the other 
END IN THE BURNER FLAME, CAUTION: DO NOT LOOK DIRECTLY AT THE 
MAGNESIUM WHILE IT IS BURNING, Compare the ash, which may be 

COLLECTED ON THE ASBESTOS SQUARE, WITH THE ORIGINAL. METAL, 



Asbestos square 
Burner and tubing 
Funnel 
Ring stand 
Wash bottle 
Wire gauze 
Baking powder 
Magnesium ribbon 
Sandpaper fine grit 
Filter paper 

Sulfuric acid, dilute (1:6) 
Wooden splints 



Beakers, 100 ml, 150 ml 

Forceps 

Ring, iron 

Jkst tubes 

Watch glass 

Alka-seltzer tablets 

Copper foil 

Platinum wire test rod 
Zinc, mossy 

Hydrochloric acid dilute (1:4) 
Solution of silver nitrate 



(0,2M) 
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Observations: 



3. Similarly clean a piece of copper foil and heat it in the outer 

CONE OF THE BURNER FLAME FOR 1-2 MINUTES. Avo I D MELTING. LeT 
IT COOL AND RE-EXAMINE IT. SeE IF YOU CAN SCRAPE OFF SOME OF 
THE BLACK SCALE FROM THE SURFACE OF THE COPPER. COMPARE THE 
PROPERTIES OF THIS SCALE WITH THOSE OF METALLIC COPPER. HeAT 
THE FOIL A SECOND TiME. RESULT? EXPLAIN'. 

Observations: 



4. Dip one end of the platinum wire into a test tube containing 

^ OR 5 ML or DILUTE SULFURIC ACID. OBSERVE CAREFULLY FOR ANY 
SIGNS OF CHEMICAL ACTION. RESULT? REMOVE THE PLATINUM WIRC^ 
FLUSHING IT WITH WATER BEFORE LAYING ASIDE. ADD A SMALL PIECE OF 
ZINC TO THE ACID. RESULT? LeT THE ACTION CONTINUE FOR ABOUT 

5 minutes. v/arm the tube gently, caution. 

When the reaction is proceeding vigorously, bring the flame 
of a burning splint to the mouth of the test tube. result? 
The dilute sulfuric acid is a water solution of hydrogen sulfate. 
What gas do you think is being evolved during the react:on? 
Account for the appearance of a black suspension in the liquid. 
Filter to remove suspended matter, if present. Do you believe 
A second product of the reaction to be in solution in the filtrate? 
Using an appropriate technique, recover this product from a portion 
of the filtrate. Compare the product with the original acid and 
with the zinc. suggest the probable name of the crystalline 

SUBSTANCE. TRY WRITING A WORD EQUATION TO EXPRESS YOUR IDEA OF 

the chemical reaction that has taken place. 
Observations: 



5. To 3 OR 4 ML OF SILVER NITRATE SOLUTION, ADD SEVERAL DROPS OF 

DILUTE HYDROCHLORIC ACID. RESULT? CAN YOU RECOGNIZE A PRECIPI** 

TATE? Describe it. Hydrochloric acid is a water solution of 

HYDROGEN CHLORIDE. CONSULT THE SOLUBILITY TABLE IN THE APPENDIX 
AND SUGGEST THE PROBABLE NAME OF THE INSOLUBLE PRODUCT (tHE 

precipitate). Try writing a word equation to express your 

IDEA OF THE CHEMICAL REACTION THAT HAS TAKEN PLACE. WaS THERE 
ANY EVIDENCE OF A GASEOUS PRODUCT OF THIS REACTION? TRANSFER 
THE ENTIRE CONTENTS OF THE TEST TUBE TO A FILTER SETUP, FLUSHING 
WITH SMALL ADDITIONS OF WATER FROM THE WASH BOTTLE, IF NECESSARY, 
TO REMOVE ALL OF THE PRECIPITATE. DISCARD THE FILTRATE, UNFOLD 
THE FILTER PAPER AND EXPOSE THE PRECIPITATE TO DIRECT SUNLIGHT 
FOR SEVERAL MINUTES. RESULT? Do YOU THINK THIS CHANGE IS 
PHYSICAL OR CHEMICAL? DiD YOU OBSERVE ANY EVIDENCE OF AN APPRE<» 
Q CIABLE ENERGY CHANGE DURING THE REACTION? 
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Observations: 



6. To ONE^HALF AN AlKA-SCILTZER TABLET OR TO 2 GRAMS OF BAKING POWDER 
IN A 100 ML BEAKER ADO 5 ML OF WATER. RESULT? AFTER THE REAC-* 
TION PROCEEDS FOR 15 SECONDS, THRUST A BURNING SPLiNT INTO THE 
UPPER PORTION OF THE PEAKER. RESULT? BOTH AlKA-SELTZER AND 
BAKING POWDER CONTAIN A , SOLID SUBSTANCE, WHICH ACTS AS AN ACID, 
AND SODIUM HYDROGEN CAI^BONATE. WHAT GAS DO YOU THiNK IS BEING 
EVOLVED DURING THE REACTION? WhY DID THE CHEMICALS WHiCH DID NOT 

react in the dry state begin to react? 
Observations: 



Questions: Answer in complete sentences. 

!• What kind of change occurs when platinum is heated? 

2. is a new substance formed as magnesium burns? justify your answer. 

3» how does the scale which forms v'hen copper is heated differ from 
the copper? 

h. What do you think would be the ultimate result of successive 
heatings and scrapings of the coppe.r? 

5. Does platinum interact with sulfuric acid? 

6. Does the precipitate in Part 5 seem to be a new substance? Is 
this a chemical or physical change? 

7. The precipitate in Part 5 is silver chloridf.* What effect does 
sunlight have on the precipitate? 

Do YOU think such a change may have some relation to photography? 

8. Summarize the results of this experiment in a definite, concise 
conclusion. 
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BEHAVIOR OF MAHER 
Level: High School 



ACTIVITY: Flame Tests 

Purpose: To show how certain metals may be identified by the color 
they impart to a flame. 

Materials: 



Introduction: 

If you wish to secure good results in this expcaiment, your 
test tubes must be scrupulously clean. your test tubes may be 
thoroughly cleaned by using the cleaning solution described in the 
Teachers' Edition to EXERCISES AND EXPERIMENTS IN CHEMISTRY. < 
(CAUTION: THIS CLEANING SOLUTION IS EXTREMELY CORROSIVE AND MUST 
NOT BE SPILLED!) After the cleaning solution has been used^ the 
test tubes may bc rtnsed thoroughly in tap water and th£n in dls«» 
tilled water. 

Suggestion: Have students examine sodium lines produced in a 
spectroscope using a sodium vapor lamp and then a sodium flame source. 
This may be repeated with mixtures of sodium and potassium. 

Procedures: 

1. Clean a platinum wire by dipping it first into some dilute hydro* 
chloric acid in a t£st tube and then holding it in the colorless 
flame of your burner. repeat until the wire imparts no color 
to the flame. pour k ml of sodium nitrate solution into a clean 
test tube, and dip the tlp of the clean platinum wire into the 
solution, and then hold it in the flame. observe the color of 

THE FLAME JUST ABOVE THE WIRE. HeAT ONLY THE TIP OF THE WIRE. 

If you heat the glass tube into which the wire is sealed, you 
will break the glass. 

Clean the wire as before and then test a solution of sodium 
chloride in the same manner. repeat the test, dipping the 
wire into a little dry sodium chloride. 

Observations: 



Burner and tubing 
Test tubes 

Hydrochloric acid dilute (1:4) 
Sodium chloride 



5-CM LENGTH OF N0« 2^ PLATINUM 
WIRE, SEALED IN THE END OF A 
GLASS TUBE 10 CM LONG. If 
PLATINUM WIRE IS NOT AVAIL* 
ABLE, NICHROME WIRE (nOT AS 
SATISFACTORY AS PLATINUm) MAY 
BE USED. NICHROME WIRE SHOULD 
BE HELD WITH FORCEPS. 



2 COBALT GLASS PLATES 



0.3-M SOLUTIONS IN DISTILLED WATER OF 
THE A.R. GRADE NITRATES OF BARIUM, 
CALCIUM, LITHIUM^ POTASSIUM, SODIUM, 
AND STRONTIUM, AND OF SODIUM CHLORIDE 



Unknown solutions 
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Z. Repeat Part 1, using in turn \ ml of the solutions of the ni- 
trates OF LITHIUM, STRONTIUM, CALCIUM, BARIUM, ANO POTASSIUM. 

Clean the wire thoroughly after each test. In the cases of 

LITHIUM AND STRONTIUM, OBSERVE WHICH FLAME IS MORE PERSISTENT 
ANO TAKFS LONGER TO BURN OFF THE WIRE. AlSO NOTE THE DIFFER- 
ence in the shades of color produced. when you have tested the 
calcium fume and then dipped the wire into hydrochloric acid 
ano back into the flame when cleaning it, you often get an 
excellent flame of calcium momentarily. record your observa- 
tions in the accompanying table. 

Observations: 



3» If TWO SALTS ARE PRESENT IN THE SAME SOLUTION, THE COLOR OF ONE 

flame may obscure that of the other* sometimes it is possible 
to absorb one color ano not the other. examlne the sodium flame 
through at least two thicknesses of cobalt glass. repeat, us- 
ing the potassium flame with the cobalt glasses. 

Flame test a mixture of the solutions of the nitrates of 

SOOIUM AND potassium WITH A CLEAN WIRE. OBSERVE THE COLOR 

THE MIXTURE IMPARTS TO THE FLAME WHEN VIEWED WITHOUT THE COBALT 

GLASSES. Repeat the test, but observe the flame as seen through 
the cobalt glasses. explain any differences observed. record 
your observations as before. 

Observations: 



\. Secure an unknown solution fiiom your instructor. Test it in the 
flame as in this experiment in order to identify the metallic 
ion present.. 

DATA TABLE 
Metal in compound Color o f flame 

SooiuM...^ 

Lithium 

Strontium 

Calcium 

Barium 

Potassium 

SOOIUM 

(Cobalt glass)... 
Potassium 

(cobalt glass)... 
Sodium and 

potassium 

Sodium and potassium 

(cobalt glass)... 
Unknown metal 



Conclusion: 

The unknown metal was: 
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Questions: Answer- in-compuete statements. 

1. is the flame coloration a test for the metal or for the acid 

RADICAL? 

2. Why do dry sodium chloride and the solutions of sodium nitrate 

AND sodium chloride ALL IMPART THE SAME COLOR TO THE FLAME? 



3. Describe the test for sodium and potassium when both are present. 



k. How WOULD YOU CHARACTERIZE THE FLAME TEST WITH RESPECT TO ITS 
SENSITIVITY? 



5. What difficulties may be encountered in the use of the flame 
test for identification? 
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BEHAVIOR OF MATTER 
Level: High School 



ACTIVITY: Solubility of Chemical Salts 

Problem: Scientists are familiar with hundreds of different kinds 
of chemical salts which differ in their properties by having differ- 
ent colors, tastes, and crystal shapes* do chemical salts also 

DIPFER IN THEIR ABILITY TO DISSOLVE IN WATER? 

Materials: 

Test tubes Test tube rack 

Graduated cylinder Laboratory balance 

Stirring rod Flashlight 

Powdered samples of different salts, 

SUCH AS sodium CHLORIDE, IRON NITRATE, 

copper sulfate, etc. 
Procedure : 

Place several test tubes in a test tube rack and pour an equal 
amount of water into each test tube. weigh out exactly 25 grams of 

EACH SALT BEING TESTED. ADD.THE SALT, A FEW GRAINS AT A TIME, TO 
THE WATER IN A' TEST TUBE UNTIL NO MORE SALT WILL DISSOLVE WHEN THE 
WATER IS STIRRED. CAREFULLY WEIGH THE AMOUNT OF SALT LEFT OVER TO 
DETERMINE HOW MUCH SALT DISSOLVED IN THE WATER. 



Observations : 

Record you results in the following table (indicate the degree 

OF solubility of each salt by writing good 5 MEDIUMj OR POOR ) . 



Name of Salt 


MILL 1 LITERS 

OF Water 


Grams of Salt 

Dl SSOLVED 


Degree of 
Solubility 

j 


Sodium chloride 








Iron nitrate 








Copper sulfate 









1. Why would shining a beam of light through a solution help you 

DETERMINE WHETHER THE SALT IS COMPLETELY DISSOLVED? 

2. V/HAT EFFECT DOES STIRRING THE SOLUTION HAVE ON THE RATE AT 

which the salt dissolves? 

3. What effect would heating the water have on the rate at which 

THE SALT dissolves? 
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Interpretation: 

Fill in the blank words in the following paragraph in the numbered 
spaces at the right, 

Many salts are formed by the process of (l) when 1 

AN (2) IS ADDFD TO A (3). ThE PROCESS OF NEUTRAL.1 ZATlONg " 
IS COMPLETE WHEN BLUE LITMUS PAPER WILL NOT TURN {k) ^ 
IN THE SOLUTION AND RED LITMUS PAPER WILL NOT TURN 

The salt formed if hydrochloric acid is used in the ^ 

REACTION IS CALLED A {6), SIMILARLY, IF NITRIC ACID » 

USED, THE SALT FORMED IS CALLED A AND IF SULFURIC £ 

ACID IS USED, THE SALT FORMED IS A (8). ThUS, WE SEE y 
THAT SALTS DIFFER IN THEIR PROPERTIES, BUT THEY ALL g 
CONTAIN ONE ELEMENT OR RADICAL FROM AN (9) AND ONE ■ '■ ■ - 

ELEMENT OR RADICAC FROM A (lO). 9 

10 

Application: 

It IS ALSO POSSIBLE TO DISSOLVE LIQUIDS IN WATER, FoR EXAMPLE, 
IF YOU CAREFULLY MEASURE OUT 5O MILLILITERS OF WATER AND ^0 MILLILITERS 
OF ALCOHOL AND POUR THE ALCOHOL IN THE WATER, YOU WOULD FIND THAT 
THE VOLUME OF THE MIXTURE IS LESS THAN 100 MILLILITERS. EXPLAIN 
HOW THIS IS POSSIBLE, 
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BEHAVIOR OF MATTER 
Levfl: High School 



ACTIVITY: Separating Components of Matter 

Materials: (per team) 

Strip of filter paper with dye spot 

Paper clip 

2 Mason jars or drinking glasses 
Procedures : 

A. Pour about 20 ml of water into one of the jars, A spot of green 

DYE HAS BEEN PLACED NEAR ONE END OF THE FILTER PAPER. HOLD THE 
FILTER PAPER AGAINST THE OUTSIDE OF THE JAR SO THE DYE SPOT IS 
A SHORT DISTANCE ABOVE ThE WATER LEVEL. PuSH A STRAIGHTENED 
PAPER CLIP THROUGH THE FILTER PAPER AT THE LEVEL EVEN WlTH THE 
TOP OF THE JAR» 

B. . Lower the filter paper into the water until the clip rests on 

THE JAR, SEE PICTURE, 

C. Leave the filter paper in the water until the paper is saturated 

TO THE LEVEL OF THE PAPER CLIP. 

D. Remove the filter paper from the water and hang it in an empty 
jar to dry. do not touch the paper. 

Interpretations : 

1. how many substances were present in the original dye? 

2. What property of matter do you believe is reponsible for the 
separation? 

3. Suggest a model to explain how the separation could occur, 
you might suggest demons or some other theory to explain why 

THE SUBSTANCES IN THE DYE SEPARATED. MAKE YOUR OWN ILLUSTRA- 
TIONS^ I F NECESSARY. 

. - STRAIGHTENED PAPER CLIP 



MASON JAR OR DRINKING GLASS 




• DYE SPOT 
PAPER JUST BELOW WATER LEVEL 



BEHAVIOR OF MAHER 
Level : Hi cm School 



ACTIVITY: The Nature of a Film 



Materials: (Per Team) 
Thread 

Soap solution 

Several tooth picks 

Small plastic or glass funnel 



Wire frames 

Large beaker or pan tor soap 
solution 



^ ViLRE FRAMES TO BE USED IN PROCEDURES A-C, 



U-FRAME 



SQUARE FRAME 



" THREAD 



HEAVY WIRE 



FINE WIRE (sliding BAr) 




THREAD 
HEAVY WIRE 



WOOD OR STYROFOAM BLOCK 



Procedures : 



A^ Tie a piece of thread to diagonally opposed corners of the . 
square frame, dip the entire frame into the soap solution. 
Carefully raise the frame out of the solution, and observe the 

B BEHAVIOR OF THE THREAD. MAKE A SKETCH AND RECORD YOUR OBSER- 
VATIONS. Puncture the film on one side of the thread with a 

CLEAN TOOTHPICK, AND OBSERVE WHAT HAPPENS T.0 THE THREAD. 
SkE'iCH WHAT YOU SEE AS ACCURATELY AS POSSIBLE. REPEAT, PUNC- 
TURING ALTERNATE SIDES OF THE FILM. 

B. Slide one end of the thread to a dItFEREnt corner of the frame, 

AND REPEAT PROCEDURE A. RECORD YOUR OBSERVATIONS. 

C. Dip the U-frame (and sliding bar) into the soap solution, and 
REMOVE. Gently grasp the sliding bar on both ends and pull it 

SLOWLY TOWARD THE BLOCK. PREDICT WHAT WILL HAPPEN WHEN YOU 
RELEASE THE BAR. RELEASE THE SLIDING BAR AND OBSERVE THE EFFECT, 

Was your prediction correct? Record your observations. 
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0, Form a film on the large end of the glass funnel by gently 

DIPPING it into the SOAP SOLUTION. CoVER THE SMALL END OF THE 
FUNNEL WITH YOUR FINGER, AND RAISE THE FUNNEL FROM THE SOLU- 
TION* Before continuing, predict what wIll happen to, the film 

WHEN YOU REMOVE YOUR FINGER FROM THE FUNNEL* HOLD THE FUNNEL 
AT EYE LEVEL AND REMOVE YOUR FINGER* OBSERVE AND RECORD IN 

• your notebook any change in the film* 

£• Repeat the steps of Procedure D, and then dip the funnel Into 
the soap solution to form a second film, record your observa- 
tions carefully, 



Interpretations: 

1. Write a description of a model that relates the behavior of water 
to the particles which join together to make water drops. In 
giving reasons for your statements, you are carrying out a fun- 
damental activity of science: the relating of experimental 
results and the interpretation of those results in such a way 
as either to build more confidence in the model or to provide 
evidence that makes the model unsatisfactory. 

Z. The following questions should serve only as guidelines, not as 

RESTRICTIONS ON YOUR THINKING: 

A. In Procedures A and B you punctured one-half of the film. 
What does the behavior of the thread following a puncture 
suggest about the properties of atoms or the behavior of 

DEMONS? 

B. How CAN YOU ACCOUNT FOR THE BEHAVIOR OF THE FILM IN PROCE- 
DURE C? How CAN YOU ACCOUNT FOR THE REACTION OF THE SOAP 
FILM AND SLIDING BAR AFTER IT IS RELEASED? 

c. Why does a film formed on the large end of a funnel behave 

AS (T DOES? 
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BEHAVIOR OF MATTER 
Level: High School 



ACTIVITY: Measurement or pH in Aquatic Ecosystcms 

Materials (per team): 

A» For Studying the Action or Indicators 

Bcakers^ ^0 OR ICO ML^ 6 Glass^markIng crayon 

Graduated cylinder Oi stilled water^ 100 ml 

Glass stirring rods^ 6 Methyl red solution 

BiiOMTHYMOL BLUE SOLUTION PhENOLPHTHALEIN SOLUTiON 

Hydrochloric acid Sodium hydroxide solution 

B. For Studying the pH or OirrERENT Water Samples 
Water samples, 3 or more Test tubes, 1 per sample 

Glass-marking crayon Glass stirring rods, 1 per 

Microscope slides, 1 per sample sample 

WIOE-RANGE pH TEST PAPER, 1 CM PER 
SAMPLE 

Procedure A: The Action or Indicators 

U Mark the six beakers as roLLQWs: A^Ti^ B>1, A^2, B^^. 
2. Into each beaker pour 1^ ml or distilled water, and add a stirring 

ROD« 

3^ To BEAKERS A^l SzL ^ ^^^^ METHYL RED SOLUTION; TO 

BEAKERS A22 AND B;^ ADD A DROP Or BROMTHYMOL BtUE SCLUTION; TO 
BEAKERS AND B^^ ADD A DROP Or PHENOLPHTHALEIN SOLUTION^ 

(n YOUR DATA BOOK RECORD THE COLOR IN EACH 8£AKER« 
^« To EACH or THE THREE A BEAKERS ADD A DROP Or HYDROCHLORIC AC|D 

AND stir; to each or The B beakers add a drop or sodium hyorox;de 

SOLUTION (a base, OR ALKALI ) AND STIR. Ir NO COLOR CHANGES OCCUR, 
CONTINUE TO ADD ACiD, ONE DROP AT A TIME, TO EACH A BEAKER, STIR- 
RING ArTER EACH ADDITION. BE SURE TO KEEP EACH StTrR I NG ROD IN 
ITS OWN BEAKER. 

6. In the same way, add base to each B beaker. Ir, ArTER stirring, 
A color change remains in any beaker, record the new color next 

TO THE OLD AND THE NUMBER Or DROPS Or ACiD OR BASE ADDED. WhEN 

a color change has occurred in either beaker or any pair, your 
work with that pair is finished. continue the procedure until 
a color change has occurred |n one beaker or each pair^ 

Studying the Data 

1. According to the background iNroRMATiON given above, approximately 

WHAT pH should DISTILLED WAT.tR HAVE? 

2. As ACID IS ADDED TO THE A BEAKERS;, WHAT HAPPENS TO THE pH VALUE? 

3. As A BASE IS ADDED TO ThT B BEAKERS, WHAT HAPPENS TO THE pH VALUE? 

4. Keeping these ideas in mind and RErERRiNC to your data, arrange 
THE Indicator colors in order or increasing pH. 

5. Your teacher will give you the pH range in which each indicator 

CHANGES COLOR. WITH A WHOLE SERIES Or SUCH INDICATORS, THE 
APPROXIMATE pH Or SOLUTIONS CAN BE WORKED OUT. 



ERIC 



120 



Procedure 8: The pH or Oifferent Water Samples 

Obtain samples of water from different aquatic environments* 
Among these should be tap water, aquarium water, and water from a 
pono or stream* v/ater might also be obtained from a swamp or bog, 
From a polluted stream, from a roadside ditch, etc. If seawater 

IS NOT available, A SOLUTION APPROXIMATING IT CAN BE MADE UP IN THE 
CHEMISTRY UBORATORY* ARRANGE TEST TUBES ON A TABLE, ONE TUBE FOR 
EACH WATER SAMPLE* PoUR WATER FROM EACH SAMPLE INTO A SEPARATE 
TEST TUBE, AND MARK THE TUBES SO THAT YOU CAN IDENTIFY THE SOURCE 
OF THE WATER* 



Questions; 

6* What is the pH range discovered in your samples? 

7* According to your evidence, are natural waters more likely 
to be acid, or are they more likely to be alkaline? 

8* Can yqu think of any reason for this? If so, state it* 

9« What was the source of the sample that is farthest from 
neutral? 

10* Can you explain why it is so acid or so alkaline? 
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BEHAVIOR OF MATTER 
Level: High School 



ACTIVITY: Hydronium ion Concentration, pH 

Purpose: To determine the pH or various solutions of comparable 

CONCENTRATION, AND TO STUDY THE EFFECT OF DILUTION ON THE PH OF 
ACtOS AND A METALLIC HYDROXIDE, 



Materials: 
Beaker, 250 ml 
Test tubes 

Solutions of acetic acid (O.IOM) 
Ammonia water (O.IOM) 
Ammonium acetate (OJOM) 
Phosphoric acid (0,033M) 
Sodium chloride (0*10M) 
Sodium hydroxide (OJOM) 



H 



Graduated cylinders, 10 ml, 50 ml 
fH papers, wide range, i.e. a Sl B, 

NARROW RANQEy t •C^ 0, HVDRlON 
PAPERS OR EQUIVALENT PH PAPERS 

Hydrochloric acid (O.IOM) 
Sodium carbonate (O^OJOM) 
Sodium hydrogen carbonate (O.IOM) 



Introduction: 

The COf4CENTRATlON OF HYDONlUM ION IS USUALLY REPRESENTED BY THE 
EXPRESSION (HoO'**) WHICH MEANS THE HYDRONlUM ION CONCENTRATION IN 
MOLES (gRAMIONs) PER LITER OF SOLUTION* A ONE MOLAR ( 1 .G^M) SOLU* 
TION of hydronium ions contains 1 MOLE, I9 Q, OF HYDRONlUM ION PER 

liter of solution. 

Pure water slightly ionized and contains 0*0000001 mole of 
hydronium ion per liter. Its hydronium ion concentration, (H^O"^) Is 

THEREFORE REPRESENTED AS 1 .0 X lO*? M OR 10*7 M. SiNCE PURE WATER 
IS NEUTRAL, ITS HYDROXIDE ION CONCENTRATION IS ALSO 1.0 X 10*7 M 

OR 10**' M. In ANY water solution, the product or the hydronium and 

HYDROXIDE ION CONCENTRATIONS IS KNOWN AS THE ION-PRODUCT OF WATER 
AND IS EQUAL TO 1 .0 X 10"^^. ThIS EQUILIBRIUM IS REPRESENTED BY 

THE equation: 

H2O + H2O H^O"*" + OH* 



For NEUTRAL water,- (25^C) 



10-^^ - 

{1 



= (H^O"*") X 10-^ 
0-?)"^ ( 1 X 10-7) = 1 X lO-^'* 



X 10 
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The pH of a solution is defined as the common logarithm of the i 

RECIPROCAL OF THE HYDRONlUM I ON CONCENTRATION. FOR NEUTRAL WATER, 



pH LOG 



1 



= LOG 



1 



0.0000001 

Therefore: pH = log 107, and pH = 7« 



10-7 



If the hydronium iCN concentration <S greater than that of PURE WATER, 
THE pH of the solution IS NUMBER I CALL Y LESS THAN 2. ThUS, FOR A 

SOLUTION WHICH IS ACio SUCH AS O.CCCOOl-M (1 X 10^- M) HCI completely 
ionized), the pH is 6# For acidic solutions, therefore, the PH IS 

SMALLER THAN 7# ThE SMALLER THE PH THE LARGER THE HYDRONIUM ION 
CONCENTRATION. If THE SOLUTION IS BASIC, ITS HYDRONIUM ION CONCEN- 
TRAttON IS LESS THAT 10*7 M AND ITS pH IS LARGER THAN J. FoR A 1 X 
10-6 -M SOLUTION OF r<A0H^( COMPLETELY DISSOcIatEd), THE HYDROXIDE I ON 
CONCENTRATION IS 1 X lO"^* ItS HYDRONlUM ION CONCENTRATION THEREFORE 
IS 1 X 10-^, AND ITS PH is 8* ^ 



= 10-1^ = (H3O+) X 10*6 
(H3O+) = 10-^; THE pH being 8 



Suggestions: 

The teacher may wish to demonstrate the use or a pH meter to 

COMPLEMENT THE USE OF THE INDICATOR AND TO OBTAIN MORE EXACT PH 

readings* 

Procedure: 

U Test for the pH of each of the solutions by dipping a stirring 
rod into each of the solutions and applying first to the wide 

RANGE pH paper (A AND B) AND IF NECESSARY^ TO THE NARROW ( SHORT ) 

range paper (0)« record your observations and complete data 
Table U 

2« Effect of dilution on pH of acids and hydroxides*^ Start with 
^•0 ML of stock (0*1*M) solutions and dilute to 30 ML* Save 

3 ML OF THE DILUTED SOLUTION IN A PROPERLY LABELED TEST TUBE 
AND use ANOTHER ML FOR THE NEXT DILUTION TO ^0 ML« REPEAT THE 

DILUTION PROCESS \ TIMES FOR EACH STOCK 0*1-M SOLUTION^ IN EACH CASE 
SAVING THE ML SAMPLE FOR TESTING WITH THE PH PAPERS AS IN PART 

• U Record your results in Data Table 2* 
Questions: 

U Which OF the substances among those having a definite acidic 

REACTION IS (a) THE STRONGEST ACID^ (s) THE WEAKEST ACID? 

(b) 



(a), 



2« Why is a 0.1 -M solution or NaOH a much stronger base than a 



0,1 -M SOLUTION or NH2-AQ?_ 



3. What effect does dilution have on the pH of (a) an acid^ (b) 

A BASE ? (a) 

■ (b) 

DATA TABLE 1 

0.1 -N Solutions Inoicator color Numerical pH Strength as acid 

OR BASE 



HCl 

HC2H3O2 

H3POI1, 

NaCH 

NH3 

NaCL 

NA2CO3 

NAHCO3 

NH4C2H3O2 
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Indicator 'olor-s ma\ vary from different manufacturers. 

DATA tabu: 2 

IK\ Cal»;ulat« pH Inuicitor color 0»«er\edpH 



1. 0.1 .V 

2. 0.0 1 M 

3. O.orl M 

4. O.tMKU M 

5. li.ijmi A/ 
NaOH 



Cal« dilated pH 



Indicator color 



Ohrvrved pH 



1. 0.1 M 

2. 0.05 .M 

3. 0.001 M 

4. O.OOOl M 

5. o.mm M 

HC.KO, Indicati;r color Ob^r\«?<i pH 

L O.l 

2. 0.01 Af 

3. O.iX)! Af 

4. O.OWl M ■ 

5. O.UCMXJI A/ 

210 
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CHEMICAL FAMILIES 
Level: High School 



ACTIVITY: The Periodic Uw 

Directions: Write answers to the following in the spaces provided. 
Where appropriate, make complete statements. 

U Who did the pioneer work on the Periodic Table we use today? 

2# What important use did he make of his Periodic Table? 

3* In what order are the elements listed in our present Periodic 
Table? 

k. How DID MOSELEY ACCOUNT FOR THE FACT THAT THE X-RAY WAVELENGTHS 

obtained from two successive known elements sometimes had twice 
the expected variation? 

3* State the periodic law. 

6. What name is given to the elements in a vertical column of thc 
Periodic Table? 

7* What name is given to the elements in a horizontal row of the 
Periodic Table? 

8. What name is given to elements whose atoms usually differ in 
electron configuration by the entrance of successive clecyrons 
in a d sublevel? 

9« What name is given to elements whose atoms usually differ in 
electron configuration by the entrance of successive electrons 
in an f sublevel? 

10. Compose two statements describing the periodicity of atomic 

RADt U 

11. In the reaction, A + energy— A'*' + E-, (a) what kind of a particle 

is A"*'? 

(b) What name describes the energy involved? 

12. In Question 11, what kind of element is A generally if the quantity 

OF ENERGY (a) IS LOW? 

(b) Is high? 

(c) Is OF INTERMEDIATE VALUE? 

13. How DOES THE IONIZATION ENERGY VARY WITH ATOMIC NUMBER WITHIN 
A FAMILY OF NONTRANSITION ELEMENTS? 
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I^^* What causes the periodic variation or ionization cncrqy across a 
row of clements in the periodic table? 

1^* Why is the ionization energy required to remove the second elec- 

. TRON FROM THE NA ATOM SO VERY MUCH GREATER THAW THAT NEEDED TO 
REMOVE THE FIRST ELECTRON? 

l6« Why is the ionization energy needed to remove the first two elec- 
trons FROM THE Mg atom RELATIVELY LOW? 

17» Why IS IT EASIER TO REMOVE THE FIRST ELECTRON FROM THE AL ATOM 
THAN IT IS TO REMOVE THE FIRST ELECTRON FROM THE Mg ATOM? 

l8» In the reaction, A + e— A + energy^ (a) what kind of a particle 
IS A-? 

(b) W^AT name DESCRIBES THE ENERGY INVOLVED? 

19* Fill in the blocks with the symbols, atomic numbers, electron- 
configuration NOTATION, AND BRIEF STATEMENTS OF PROPERTIES OF THE 
ELEMENTS OF THE SECOND AND TMIRD PERIODS AS HAS BEEN DONE FOR 
BERYLLIUM AND MAGNESIUM BELOW. 

20* In WHICH SHELL IS THE DIFFERENTIATING ELECTRON BETWEEN SUCCESSIVE 
TRANSITION ELEMENTS? 

2K In which shell is the differentiating electron between successive 
rare-earth elements? 

22» What are the present uses of the Periodic Table? 

23t» Fill in the blocks with the names, symbols, atomic numbers, 
.«:lectron configurations, and other designated information on 
following page* 



I 

1 


1 

i 


Be 

k 

SIL- 
VERY 
METAL 


1s2 










! 










1 










Mg 
12 
sil- 
very 

METAL 


3s^ 












i 
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CHEMISTRY - CHEMICAL FAMILIES 



Chemist 
Dent i st 

Engincering Technician 

Geologist 

Home Economist 

oceanographer 

Physician 

Registered Nurse 

Technical Writer 

Agribusiness Technician 

Dairy Production Technician 

Farmer 

Fish Culture Technician 
Livestock Production Technician 
Electroplater 

Jewelers « Jewel Repairmen 



Dental Hygenist 
Dietitians 
Chemical Engineer 
Geophysicist 
'Medical Technologist 
Pharmacist 
Practical Nursc 
Teacher secondary^college 
Veterinarian 

Agriculture Extension Worker 

Farm Crop Production Technician 

Fish & Wildlife Technician 

Forester 

Soil Scientist 

Dental Laboratory Technician 

Welders 
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CHEMICAL FAMILIES 
L£V£l: High School 



ACTIVITY: The Periodic Table 

Pi«OBLEM : 

The scientist uses the Periodic Table for many purposes. It is •. 
most useful in the prediction of properties of elements which are 
dnawn up into groups of related elements or "families," how accurately 
can we predict some of these properties? 

Investigation: 

The halogen family (the salt-formers) is made up of four elements: 
Fluorine (F), Chlorine (CL), Bromine (Br) and Iodine (t). When the 

VARIOUS PROPERTIES OF THESE FOUR ELEMENTS ARE CLASSIFIED^ THE RESULTS 
ARE AS LISTED IN THE FOLLOWING TABLE. 



Atomic Atomic Specific Appearaiice at Melting Boiling 



MASS NUMBER DENSITY GRAVITY ROOM TEMP> 



Fluorine 


19 


9 


1.69 


1.11 


Pale yellow gas 


-2230c 


-im 


Chlorine 


35 


17 


3.24 


'1.56 


Greenish yellow gas 


-103°C 


-34.6OC 


Bromine 


80 


35 


7.59 


3.12 


Reddish brown liquid 


-7.2OC 


58.70c 


Iodine 


127 


53 


n.27 




Grayish-black solid 


n3.5°c 


1840c 



Interpretation: 

1. Fluorine is the most active nonmetal. Chlorine is less active than 

FLUORINE, BUT MORE ACTIVE THAN EITHER BROMINE OR lODlNE, V*<AT PRE- 
DICTIONS COULO YOU MAKE CONCERNING THE ACTIVITY OF BOTH BROMINE AND 
IODINE? 



2. How MANY ELECTRONS ARE IN THE OUTER ENERGY SHELL OF CHLORINE? 

3, What are the valences of both chlorine and iodine? 

k. How DO YOU think THE VALENCE OF BROMINE AND IODINE COMPARE? 

5. Fluorine combines explosively with hydrogen. What likelihood 

IS THERE THAT THE OTHER HALOGENS WILL ALSO COMBINE WITH HYDRO- 
GEN? 



6. Can YOU establish any relationship between the atomic mass of AN 
ELEMENT AND ITS BOILING POINT? 

7. What might be similar relationships ^blfween the atomic mass and 

ANY OTHER DATA LISTED IN THE TABLE? 
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8. Astatine^ an element or atomic number 63 and atomic mass 211^ 

has also been considered a halogen, what are some of the possible 
properties which you think it might have? 

Specific Appearancc at Melting Boiling 
Density gravity room temp. point point 



Appl i cat i on : 

Consult a Periodic Table and answer the following questions: 

1. In the space at the right^ arrange the following elements in 
order of their chemical activity: 

Element Symbol At. No, 

potassium k 19 

LITHIUM Li 3 

Rubidium Rb 37 



2* Which element of the following would calcium (At« No, 20) most 

LIKELY react with? (CIRCLE THE PROPER ATOMIC NUMBCr)* 

3 24 16 Jk) 47 



CHEMICAL FAMILIES 
Level: High School 



ACTIVITY: Borax Bead Tests 



Purpose: To learm how to identify metals by the color they impart 
to a bdrax bead. 



Material : 
Burner and tubing 

^•CM length or No. 2^ platinum wire, 

SEALED IN THE END DF A GLASS TUBE 
10 CM LONG 

Iron ( i i ) sulfate 
Nickel ( i i ) chloride 



Dish, evaporating 
Borax, powdered 
Chromium (ill) sulfate 
Cobalt ( i i ) nitrate 
Manganese (ii) sulfate 
Unknown salt 



Introduction: 

Borax is hydrated sodium tetraborate, Na2B1[0|. 10 H2O. When 

IT IS HEATED STRONGLY, IT LOSES WATER OF HYDRATION AND FUSES TO FORM A 
COLORLESS GLASSY SOLID. A TINY TRACE OF CERTAIN METALLIC COMPOUNDS, 
WHEN FUSED AS OXIDES WITH SUCH A BDRAX GLASS, IMPARTS A CHARACTERISE 
TIC COLOR WHICH MAY BE USED TO IDENTIFY THE METAL. ThE COLORED BEAD 
FORMED IN THE LOOP AT THE END OF A PLATINUM WIRE IS A METABORATE OF 
THE METAL. 



Procedure: 

A. Make a borax bead as follows: Bend the tip of a platinum wire 

AROUND THE POINT OF A LEAD PENCIL TO FORM A LOOP ABOUT 3 MM IN 

DIAMETER. Heat the wire white-hot and then dip it into some 

POWDERED BORAX. HOLD IT IN THE OKIOIZING FLAME OF YOUR BURNER 
UNTIL THE BORAX HAS MELTED TO A CLEAR GLASS. AVOID USING TOO 
MUCH BORAX AS A LARGE BEAD WILL SIMPLY DROP OFF THE WIRE. A 
CERTAIN AMOUNT OF EXPERIMENTATION IS NECESSARY TO GET THE BEST 
RESULTS. 



Observations: 



B. Reheat the bead in the loop of wire and touch it, while hot, 

TO A VERY SMALL FRAGMENT (nOT BIGGER THAN A TINY SPECk) OF CO- 
BALT (ll) NITRATE. Now HEAT THE BEAD AGAIN IN THE OXIDIZING 
FLAME. The FIRST FRAGMENT WILL PROBABLY BE ENOUGH TO IMPART 
A DISTINCT COLOR TO THE BEAD. If IT DOES NOT DO SO, ADD ANOTHER 
TINY SPECK OF THE COBALT (ll) SALT. ThE BEAD THAT FORMS SHOULD 
BE COLORED, BUT CLEAR AND TRANSPARENT. If IT IS BLACK OR OPAQUE, 
TOO MUCH COBALT (ll) NITRATE WAS USED. In SUCH AN EVENT, YOU 
MUST MAKE A NEW BEAD AND START OVER. To REMOVE THE BEAD FROM 
THE WIRE, HEAT IT STRONGLY, HOLD IT OVER AN EVAPORATING DISH, AND 
STRIKE THE HAND HOLDING THE WIRE AGAINST THE CLENCHED FIST OF 
YOUR OTHER HAND. MOST OF THC BEAD WILL BE DISLODGED AND DROP 
INTO THE EVAPORATING DISH. TrACCS OF THE BEAD REMAINING CAN BE 
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REMOVED BY HEATING THE WIRE AND THEN PLUNGING IT INTO COLD WATER, 

(CAUTION; DO NOT DIP THE END OF THE GLASS HANDLE IN THE WATER. 
WHY?) The shattered fragments or the bead can then be rubbed off 
between the fingers* 

Observations: 



C. Before making a new bead with a different metallic compound, 

CLEAN THE WIRE BY MAKING A BORAX BEAD AND SHAKING IT OFF INTO 
THE EVAPORATING DISH. REPEAV IF NECESSARY. ThE MELTED BORAX 

removes traccs of the colored bead from the previous test. 

Determine the color impar75:d to borax beads by traces of 

the following compounds: chromium (ill) sulfate, manganese (u) 
sulfate, and nickel (ll) chloride. record your results in the 
Data Table. 

Observations: 



D. The color of a bead, colored by an iron compound, depends on 

WHETHER THE BEAD IS HEATED IN THE OXIDIZING OR !N THE REDUCING 
FLAME OF YOUR BURNER. I RON (ll) METABORATE HAS A DIFFERENT ' 
COLOR FROM IRON (ill) METABORATE. AdD A TRACE OF IRON (ll) 

sulfate to the borax bead, and then heat it in the oxidizing 
flame of your burner* repeat, using iron (ll) sulfate, but 
hold the bead in the reducing flame. atlow this second bead to 
cool in the unburned gas just above the top of the burner before 
you expose it to the air. record the results in the data table 
as before. 

Observations: 



E. Procure an unknown from your instructor and proceed to identify 

THE METAL IT CONTAINS BY THE BORAX BEAD TEST. RECORD YOUR RE-» 
SULTS IN THE DATA TaBLE. 

Observations; 
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DATA TABLE 



Bead coLOr. 
^^^^^ (when coot) 



Cobalt 



Chromium 



Manganese 



Nickel 



fRON (oxidizing FLAMc) 



Iron (reducing flame) 
Unknown 



The metal present in int unknown was 



Questions: Answer in complete statements 

U Why is the iron-bead color oifferent when formed in the oxidizing 

FLAME RATHER THAN IN THE REDUCING FLAME? 



2. What coloring element would you suspect in pale-green glass? 
what would be the likely source? 
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CHEMICAL FAMILIES 
Lev£L: High School 



ACTIVITY: Conductivity or Solutions 

Materials: (per team) 
8 jars or beakers, 2^0«ml 

Solutions: 

Sodium chloride (NaCl) 
Sodium hydroxide (NaOH) 

Table sugar {0^^22^}}) 
Barium chloride (6ACL2) 



Conductivity indicator, battery- 
operated 

Hydrochloric acid (HCL) 
Methyl alcohol (CH^OH) 
Potassium bromide \KBr) 



Procedures: 

A, Araanqe a series of eight jars or bcakers, each containing one 

or THE SOLUTIONS LISTED. LABEL EACH JAR« POUR SOME DISTILLED 
WATER INTO THE EIGHTH BEAKER. CoPY THE CHART SHOWN BELOW. 

Place the two electrodes or the conductivity indicator in one 
or the solutions. Record your observations on the chart. Wipe 

THE ELECTRODES CARErULLY, AND TEST ANOTHER SOLUTION. RECORD YOUR 
OBSERVATIONS. REPEAT WITH EACH SOLUTION. DO NOT ALLOW THk£ ELEC- 
TRODES TOUCH AND TRY TO KEEP THEM THE SAME DISTANCE APART rOR 
ALL TRIALS^ 



B. 





Glow or Light Bulb 


Solution 


Bright I 


Dim 


None 


SooiuM chloride 


NaCL 


1 1 




HVOPOCHLOrilC ACID 


HCL 






Sodium hydroxide 


NaOH 








Methyl alcohol 


CH3OH 








Table sugar 


C12H22O11 








Potassium bromide 


KBr 


, 







Barium chloride 


BACL2 








Water 


H2O 






t 



Interpretations: 

1. Which elements listed seem to roRM compounds that conduct electricity? 

2. Recall that elements in the lithium rAMiLY lose electrons, and elements 

IN THE rLUORlNE rAM I LY GAIN ELECTRONS MORE EASILY THAN DO ELEMENTS IN 
OTHER rAMILlES. Is THE EASE WITH WHICH AN ELEMENT GAINS OR LOSES ELEC* 
TRONS RELATED TO THE CONDUCTING ABILITY Or A SOLUTION CONTAINING A 
COMPOUND or THAT ELEMENT? Ir SO, DESCRIBE THE RELATIONSHIP. 

3^ Name some other compounds that should conduct electricity. Ir you 
test your hypotheses, be sure to check with your teacher rlRST. 

4. Compare the conductivity or the dry chemicals with the conductivity 

or THE SAME CHEMICALS IN SOLUTION. ExPLAiN ANY DirrERENCES NOTED. 

5. Describe a model that might explain why certain solutions are able 
TO conduct electricity while others are not. 
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CHEMICAL FAMILIES 
Level: High School 



ACTIVITY: Ammonia^ the Ammonium Ion^ and the Nitrate (on 

Purpose: To prepare ammonia^ study its properties^ and to differentiate 

8ETWC:EN the ammonia molecule and the AMMONliJM ION, To LEARN HOW TO 
IDENTIFY THE NITRATE |0N, 



Sulfuric acid^ concentrated 
Solutions of: 

Potassium hydroxide (2.5 M) Sodium hydroxide (2.5 M) 

Sodium nitrate (0.5 M) 

Introduction: 

Almost everyone is familiar with the penetrating odor of ammonia. 
Ammonia^ NH?^ is a gas at ordinary temperatures and pressures. The 
ammonium loh, nhl|% is a radical with a positive charge of one which 
is never found alone^ but always in conjunction with a negative ion. 
When a solution of a hydroxide reacts with an ammoi^ium compounds^ 

THE PRODUCTS ARE A 3ALT^ AMMONIA^ AND WATER. If ANY AMMONIUM HYDROXIDE 

molecules are formed at all, they do not persist as such, but immed- 
iately decompose into ammonia and water. some of the ammonia escafes 
from the solution as a gas; as a result, such mixtures have the readily 
detected odor of ammonia. 

Procedure: 

!• Put O.5 g of dry ammonium chloride on one square of paper, and 

0.5 G OF calcium hydroxide ON ANOTHER SQUARE, SmELL EACH OF THE CHEMf- 
CALS IN TURN. RESULT? ThEN MIX THE CHEMICALS, STIRRING THEM TOGETHER* 

Put a small quantity or the mixed chemicals in the palm of one hand, 
and then rub your palms together for a half-minute. now, cautiously, 
smell the mixture |n your hand. result? hold a piece of wet, red 
litmus paper just above the chemical mixture in your palm. result? 
Explain. 

Observations: 



MATEfTlAL: 

Balance, platform 

2 bottles, wide mouth 
Clahp, buret 
Forceps 

Glass plates 
Mortar and pestle 

3 rubber stoppers, SOLID No» 2 

Test tubes 
Wing top 
Ammonium sulfate 
Iron (II) sulfate 
Wooden splints 

Hydrochloric acid, concentrated 



Beaker, 2^0 ml 
Burner and tubing 
Clamp, test tube 
Glass bend 
Graduated cylinder 
ring stand 

Rubber stopper, 1-hole No. k 
Test tube, Pyrex 
Ammonium chloride 
Calcium hydroxide 
Litmus papers^ red and blue 
Ammonia-water solution, con-» 



CENTRATED 
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Z. Repeat Part 1, using ammonium sulfate instead or ammonium chuorioe. 
Observations: 



3. Fit a uarge Pyrex test tube with a rubber stopper and L-tube as 
shown below. Gently mix 4 g or ammonium chloride and 3 g or calcium 
hydroxide in a mortar, and then add the mixture to the test tube. 
Spread the mixture in the test tube# VAiy? Clamp the test tube in the 

POSITION SHOWN rOR COLLECTING THE GAS. ThE ROUND END Or THE TEST TUBE 
SHOULD BE SLIGHTLY HIGHER THAN THE STOPPER END* WhY? (V*iAT PRODUCTS 
ARE rORMED?) HeAT THE TEST TUBE GENTLY AND COLLECT THREE DRY, SMALL 
TEST TUBES Or THE GAS AND STOPPER THEM* ThE COLOR CHANGE Or MOIST 
STRIPS or RED LITMUS PAPER HELD ABOUT TWO INCHES FROM THE OPEN END 
or A TEST TUBE WILL INDICATE WHEN IT IS rULL Or AMMONIA. WkAT PHYSI- 
CAL PROPERTIES Or AMMONIA HAVE YOU OBSERVED IN THIS PREPARATION? 

Observations: 



1*. Using the sample or ammonia in one small test tube, devise and 

CONDUCT AN EXPERIMENT TO DETERMINE THE DEGREE OF SOLUBILITY OF AMMO- 
NIA IN WATER* Describe your experiment and the results you ostain* 

Observations: 
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5* Using the sample of ammonia in a second small test tube, devise 

AND conduct an EXPERIMENT TO DETERMINE If AMMONIA BURNS AND/OR SUPPORTS 

COMBUSTION, Describe your experiment, including the proper test tube 
position, and the results you obtain. 

Observations: 



6. Adjust the generator so that ammonia can be passed into a small 

BEAKER HALF-FULL OF WATER FOR A FEW MINUTES* DO NOT LET THE END OF 
THE TUBE TOUCH THE SURFACE OF THE WATER. WhY? UsING AN APPROPRIATE 
tCCHNlQUE, TEST THE SOLUTION FORMED WITH LITMUS PAPER« RESULT? ThEN 
TprbUR 10 ML OF THE SOLUTION FORMED INTO A TEST TUBE. BOIL THE SOLUTION 
FOR SEVERAL MINUTES, USlNG A LOW BURNER FLAME. FROM TIME TO TIME 

test the solution, using a proper method, to determine whether all 
the gas in expelled from solution by boiling. result? 

Observations: 



7. Investigate the possibility of a reaction between ammonium chloride 
and sodium hydroxide in solution. Determine the necessary conditions 

AND THE PROBABLE PRODUCTS OF SUCH A REACTION. HoW COULD YOU IDENTIFY 
THE PRODUCTS? AfTER DEVISING A SUITABLE TECHNIQUE, CARRY OUT THE 
REACTION, IDENTIFYING THE GASEOUS PRODUCT. DESCRIBE YOUR EXPERIMENTAL 
METHOD AND YOUR RESULTS. In A SIMILAR MANNER, INVESTIGATE THE POSSI- 
BILITY OF A REACTION BETWEEN AMMONIUM SULFATE AND POTASSIUM HYDROXIDE 

IN SOLUTION. Carry out the reaction, identifying the gaseous product. 
Describe your results. 

Observations: 



8. Add one gram of ammonium chloride crystals to a dry test tube. 
Using a low burner flame, heat the tube gently. At the same time, 

HOLD with forceps A STRIP OF MOIST RED LITMUS PAPER INSIDE THE MOUTH 
OF THE TUBE. KEEP THE LITMUS PAPER MOIST BY ADDING A DROP OF. WATER 
FROM A GLASS ROD AS NEEDED. LoOK FOR FIRST ONE, AND THEN ANOTHER, 
COLOR CHANGE TO OCCUR IN THE LitMUS PAPER. RESULT? WhY? WhAT 
COLLECTS ON THE UPPER WALLS OF THE TEST TUBE? HoW DID IT GET THERE? 



Observations: 



9. Using a low burner fume, carefully heat two wioe-mouth bottles 
until they are moderately warm to the touch. aod three drops of con- 
centrated hydrochloric acid to one bottle and cover it with a glass 
PLATE, What happens to the concentrated hydrochloric acid when placed 

IN A WARM BOTTLE? TaKE THE OTHER BOTTLE TO A DISTANT CORNER OF THE 
LABORATORY AND THERE ADD THREE DROPS OF CONCENTRATED AMMONIA-WATER 
SOLUTION TO IT AND COVER WITH A GLASS PLATE. WHAT HAPPENS TO THE 
CONCENTRATED AMMONIA-WATER SOLUTION? BrING THE COVERED BOTTLE CON- 
taining ammonia to your work place and invert it over '"he bottle 
containing the hydrogen chloride. remove the glass plates. result? 
Explain, 

Observations: 



10, Prepare a solution of ammonium chloride by adding 0*3 of this 

SALT to 10 ML OF WATER. SIMILARLY PREPARE A SOLUTION OF AMMONIUM 

SULFATE, Test each solution with red and blue litmus papers. Results? 
Explain the resucts in terms of the Bronsted acid-base concept. 

Observations: 



11. Place ^ ml of freshly prepared iron (11) sulfate solution in a 
TEST tube. Add 2 ml of sodium nitrate solution. Mix the solutions^ 

AND THEN ADD 3 ML OF CONCENTRATED SULFURIC ACID^ HOLDING THE TEST TUBE 
IN AN INCLINED POSITION SO THE ACID WILL RUN TOWN THE SIDE OF THE TUBE 
WITHOUT MIXING WITH THE CONTENTS. ThE DENSE SULFURIC ACID SINKS TO 
THE BOTTOM OF THE TUBE. ThE COLORED LAYER FORMED WHERE THE TWO LIQUIDS 
MEET SERVES AS TEST FOR A NITRATE, REPEAT THE TEST, USING 1 NITRIC 
acid: 25 WATER (you prepare) INSTEAD OF SODJUM NITRATE SOLUTION. 

Result? 
Observations: 
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Equations: 

Write ionic equations where appropriate* 
U Ammonium chloride and calcium hydroxide 
2. Ammonium sulfate and calcium hydroxide 
3* Ammonia and water 
k. Ammonium chloride and sodium hydroxide 
3» Ammonium sulfate and potassium hydroxide 

6. Heating dry ammonium chloride 

7. Ammonia and hydrogen chloride 
8« Ammonium ion and water 
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NUCLEAR ENERGY 
Level: High School 



ACTIVITY: Radioactive Isotopes 
Problem: 

Radioactive isotopes, like other radioactive substances, give off 
radutions that can be detected with instruments, how is a radio- 
active isotope used as a tracer element to check on absorption of 
the element by a plant? 

Materials : 

Young tomato plants, 5 or 6 inches high Wide-mouth bottles large enough 
10 microeurles of radioactive sodium to hold the roots of the plants 

PHOSPHATE (containing RADIOACTIVE GE I GER COUNTER 

PHOSPHORUS 32) Photographic print paper 

Heavy aluminum foil 

(CAUTION: THIS EXPERIMENT SHOULD BE DONE UNDER THE DIRECTION OF A 
TEACHER FAMILIAR WITH THE HANDLING OF RADIOACTIVE MATERIALS.) 
Although 10 microcuries of radioactive phosphorus 32 is relatively 

HARMLESS, ALL RADIOACTIVE MATERIALS SHOULD BE HANDLED CAREFULLY, 
SHOULD NOT BE SPILLED ON THE SKIN OR CLOTHING, AND SHOULD BE DIS- 
POSED OF BY WASHING DOWN A DRAIN WITH LARGE AMOUNTS OF WATE?)« 



Procedure : 

Remove a plant from the soil, and wash the roots carefully in 
running water, place the roots of the plant in a bottle containing 
water and 10 microcuries of radioactive sodium phosphate. wrap 
the bottle i n 3 or 4 sheets of heavy aluminum foil, and check the 

OUTSIDE RADIOACTIVITY WITH THE GEIGER COUNTER, At 15-MINUTE INTER- 
VALS, REMOVE A LEAF FROM THE BOTTOM AND THE TOP OF THE PLANT. AND 
PLACE EACH PAIR OF LEAVES ON A WRAPPED SHEET OF PRINT PAPER. WrAP 
THE LEAVES AND THE PRINT PAPER WITH A PIECE OF ALUMINUM FOIL AND 

leave in a dark place overnight, develop the print papers. repeat 
the experiment, using leaves from a plant in plain water, 

Observations : 

!• What is the purpose of the plant in the bottle of plain water? 



2. Why is the experimental bottle wrapped with sheets of aluminum 

FOIL? 

3. do th^ top or bottom leaves of the plant show an intake of 
radioactive minerals first? 

What is the effect of the length of time the plant is in the 
radioactive solution on the amount of radiation shown by the 

LEAVES? 



Interpretation: 

The statements in Column B explain why the leaves from the plant 

IN THE RADIOACTIVE WATER PRODUCE AN IMAGE ON THE PRINT PAPER, A 
O NUMBER OF SUPPORTING REASONS THAT EXPLAIN WHY EACH STATEMENT IS TRUE 
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ARC GIVEN IN COLUMN MaTCH THC LETTER OF THE CORRECT REASON IN 

Column A with the statement it supports in Column B and write the 

LETTER OF YOUR ANSWER IN THE SPACE PROVIDED* 



Column A 

All RADIOACTIVE ELEMENTS DISlNTE- 

grate at a constant rate • 

Photographic paper is exposed by 
light or radiations* 

Atoms of isotopes have the same 
number or electrons and protons 
as ordinary atoms of the element* 

The number of neutrons in the 
nucleus of an element may be 
changed in an atomic reactor • 

Radiations given off by a radio* 

ACTIVE substance ARE IN THE FORM 
OF H1GH-*ENERGY PARTICLES AND 
RAYS« 

Living organisms use atoms of 
radioactive isotopes and 
ordinary elements in the same 

WAY« 



Column B 

1. Some elements can be changed 
into radioactive isotopes. 



2. Isotopes have the same chemi- 
cal properties as the ordinary 
form of the element. 



3, The leaves of the plant ab- 
sorb THE radioactive ATOMS* 

k. The nuclei of radioactive 

ATOMS DISINTEGRATE* 



5* The radioactive atoms in the 

LEAVES give OFF RADIATIONS* 

6» The radiations expose the 
pr:nt paper to form an 

IMAGE* 



Applications: 

Radioactive iodine with a half-life of eight days is one of the pro 
ducts found in the fallout produced by atomic-bomb tests* This 
radioactive isotope finds its way into food eaten by cows; and as 
A result, the milk produced may contain a dangerous amount of radio 
active material. Explain why some scientists believe that in times 
OF a great deal of fallout it would be safer to use powdered or 

CANNED milk RATHER THAN FRESH MILK, 
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NUCLEAR ENERGY 
Levet: High School 



ACTIVITY: Protection From Radiations 



Problem : 

you have learned that one way to reduce the radiations which an object 

ABSORBS IS TO INCREASE ITS DISTANCE FROM THE RADlATINQ SOURCE. In 
SOME CASeS^ THIS METHOD OF REDUCING RADIATION IS IMPOSSIBLE^ AS IN 
THE CASE OF SCIENTISTS WHO WORK WITH "hOT" MATERIALS. WhAT ARE THE 
EFFECTS OF SHIELDING MATERIALS IN REDUCING THE AMOUNT OF RADIATIONS 
ABSORBED? 



Materials: 

GeIGER counter with movable PROBE 

Mounting fixture 
Iron pipe 

Graduated cylinder (100ml) 
Wrist watch with a luminous dial 
Stop watch or a watch with a sweep 



Radioactive sources 
Sections of lead pipe 
Aluminum tubing 
Cardboard cylinder from the 
inside of a tissue roll 

SECOND hand* 



Procedure: 

Connect the Geiger counter to an electrical outlet and turn it 
ON, Listen for clicks, or watch for flashes— wichever method applies 
TO THE Geiger counter in use. Cosmic rays and "fallout" will produce 
occasional clicks and flashes on the measuring instrument* These 
readings Are called the "background count" and must be measured over 

A PERIOD OF TIME* ThEN THIS READING MUST BE SUBTRACTED FROM ANY 
SUBSEQUENT READINGS WHICH ARE MADE WITH RADIOACTIVE MATERIALS OVER 
THE SAME PERIOD OF TIME* 

Place Source A, Source and the watch dial at uniform distances 

FROM the PROBE. MEASURE THE READINGS FOB EACH OF THE THREE MATERIALS 
UNSHIELDED AND WITH EACH OF THE LISTED SHIELDS. RECORD YOUR DATA 
IN THE TABLE BELOW* 



Observations: 

Readings at 23 cm over a period or 2 minutes* 

Shielded Shielded 

Shielded Shielded Shielded by gradu* by card* 

by lead by iron by alum I- ATEO CYL- BOARD 

Unshielded pipe pipe num tubing inder cylinder 

Source A •* *^^** • 

Source B • • * *•**• ^ 

Watch dial • 



Interpretation: 

In the following group or statements, place the letter of the term 
which correctly completes each statement in the space provided* 

U The most effective shield against radiation is the 
(a) iron; (b) glass; (c) cardboard; (d) aluminum* 
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2. The least ErrECiivE shield against radiation is the ..^^...^ 

(a) iron: (b) glass; (c) cardboard; (d) aluminum. 

3, One way to reduce the radiations absorbed through 

GLASS IS TO (a) use M0R£ SQUARES Of GLASS; (b) TURN THE DIAL 
TO THE MOST SENSITIVE READING; (c) USE A STRONGER SOURCE; 
(d) LESSEN THE DISTANCE BETWEEN SOURCE AND COUNTER. 

km The continual clicks which are heard as soon as the 

COUNTER IS TURNED ON ARE DUE TO (a) RADIUM; (s) 
RADIOACTIVE SUBSTANCES WiTHiN THE MACHINE; (c) 
COSMIC rays; (0) LEAD. 

3. When making a reading for any given radioactive . * ;t 

SOURCE^ THE BACKGROUND COUNT IS (a) ADDED TO THE 

reading; (b) subtracted from the reading; (c) ig* 

NORED.t (d) multiplied BY THE READING. « 

6. If the aluminum tubing produced a lower reading 

THAN THE LEAD PIPE, YOU SHOULD SUSPECT (a) THAT THE 

aluminum-^shielded source was closer to the probe; 

(b) that the lead-shielded source was closer to the 
probe; (c) that the thickness of the aluminum was 
less; (d) that the thickness of the lead was less* 

7. If the iron showed less shielding power than the 

CARDBOARD, YOU WOULD SUSPECT (a) THAT THE IRON WAS 
THICKER THAN THE CARDBOARD; (b) THAT THE CARDBOARD 
WAS THINNER THAN THE IRON; (c) THAT THE PROBE WAS 
CLOSER TO THE IRON-SHIELDED SOURCE; (d) THAT THE 
P PROBE WAS CLOSER TO THE CARDBOARD-SHIELDED SOURCE ♦ 



Application: 

k x-ray technicians frequently wear aprons that are lined with lead* 
Scientists working around nuclear reactors do not take this pre- 
caution. Uhat precautions do you think the latter group of 

SCIENTISTS take INSTEAD? 



2. What other occupations would need to be concerned with either 

THE USE OF radioactive MATERIALS OR THE PROTECTION FROM HARM- 
FUL RADIATIONS. 



t 
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NUCLEAR ENERGY 
Level: High School 



ACTIVITY: Energy from matter 

Student Activities: 

A* Make a spinthari scope « 

A SPINTHARISCOPE IS A DEVICE FOR OBSERVING THE EMISSION OF PART- 

icles from a radioactive source* 
Materials: 

Small lens Small box (air-tight) 

Luminous watch dial containing a radioactive substance* 

Some watches use phophorescent paint, which does not contain a 

RADIOACTIVE SUBSTANCE. SUCH WATCHES ARE NOT USEFUL FOR THIS ACTIVITY* 

Mount the lens in the lid of the box* Color or paint the inside 

OF THE BOX BLACK, At THIS POINT, VOU SHOULD BE ABLE TO LOOK INTO 
THE BOX AND BE CONVINCED THAT IT IS LIGHT-TIGHT. IN THE MIDDLE OF 
THE FLOOR OF THE BOX PUT YOUR WATCH DIAL. Th IS WILL CONTAIN RADIUM 
MIXED WITH SOME PHOSPHORESCENT ZINC SULFIDE SO THAT EACH TIME A RAY 
LEAVES THE RADIUM AND STRIKES THE ZiNC SULFIDE, IT WILL FLASH. 8V 
RAISING OR LOWERING THE BOX LID WITH THE LENS, YOU SHOULD BE ABLE 
TO FOCUS ON THE WATCH DIAL AND SEE THESE FLASHES. BE SURE TO ALLOW 

a few minutes for your eyes to become accustomed to the dark before 
you make your observations* 

If you cannot find the above equipment, place the watch dial 
under a microscope, or a magnifying glass, in a completely dark 
room. you should be able to see the small flashes* 

What kinds of particles are being emitted? 

B* Set up a demonstration by placing several mousetraps in a waste- 
basket and dropping some object in that will trip one of them* 

1. Do ALL THE traps SPRING? 

2. What might this fact show about the total reactivity of 
of a chain reaction? 

C* Do THE FOLLOWING EXPERIMENT AS fLLUSTRATEO. CUT THE HEADS OFF 
WOODEN KITCHEN MATCHES AND LINE THEM UP IN A METAL PAN. InSERT 

a long match as shown in the diagram to act as a "control rod." 

Which of the above two demonstrations of the reaction is the 
better analogy of the actual reaction? 
Explain your answer. 



D. Describe another setup to demonstrate the principle of a chain 

REACTION. 
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ORGANIC CHEMISTRY 
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Chchist 
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Enqineering Technician 
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Medical Technologist 
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Practical Nurse 
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Agriculture Extension Worker 
Farm Crop Production Technician 
Fish & Wildlife Technician 
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Livestock Production Technician 
Power Plant Operator (fuels) 



Biologist 

Dental Hygenist 

Dietitians 

Chemical Engineer 
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Medical Lab Workers 

Oceanographer 

Physician 

Registered Nurse 

Technical Writer 

Agribusiness Technician 

Dairy Production Technician 

Farmer 

Fish Culture Technician 
Lab Animal Care Technician 
Parks Land Management Technician 
Truck Driver (fuels) 
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ORGANIC CHEMISTRY 
Level: High School 



ACTIVITY: Preparation of Nylon 6-10 

Using a cotton swab (or your little finger) coat the Inner 

SURFACE OF A 15 MM X 60 HM VIAL (a LITMUS PAPER VIAL WILL DO NICELy) 
WITH A THIN LAYER OF SILICONE 0Il(C0ATING THE INNER SURFACE OF THE 
SAMPLE VIAL PREVENTS NYLON FROM STICKING TO THE GLASS WALL AND INSURES 
A CONTINUOUS THREAD.) FiLL THE VIAL ALMOST TO THE HALF MARK WITH A 
5 % SOLUTION OF SEBACOYL CHLORIDE IN CARBON TETRACHLORIDE, HOLD THE 
VIAL IN AN INCLINED POSITION AND VERY SLOWLY ADD ONTO THE CARBON 
TETRACHLORIDE LAYER AN EQUIVALENT VOLUME OF A 5^ AQUEOUS SOLUTION OF 
HEXAMETHYLENEDIAMINE, A REACTION PRODUCT WILL FORM IMMEDIATELY AT 
THE INTERFACE OF THE TWO IMMISCIBLE UYERS, ClAMP THE VIAL TO A 

ring stand, reach through the upper layer with a hook made from a 
6-lnch length of copper wire and draw up the nylon which has fobmed 
(see diagram). This will expose fresh reactants from both layers 

TO PRODUCE additional POLYMER, SLOWLY AND STEADILY CONTINUE TO 
REMOVE A NEW MATERIAL AS ONE CONTINUOUS THREAD. ThE THREAD MAY BE 
WOUND ONTO A PIECE OF CARDBOARD AS IT IS FORMED OR IT MAY BE LED 
INTO A 600rML BEAKER FILLED WITH WATER. WHEN THE ftEACTANTS HAVE 
BEEN REDUCED TO ABOUT HALF OF THEIR INITIAL VOLUMES, STOPPER THE VIAL 
AND SHAKE VIGOROUSLY TO THOROUGHLY MIX THE REMAINDER OF THE TWO 

LAYERS. Transfer the resulting white opaque mass to a beaker and 

WASH ONCE WITH ALCOHOL AND ONCE WITH WATER. SQUEEZE THE LUMP 

OF MATERIAL AS DRY AS POSSIBLE BETWEEN PAPER TOWELS AND EXAMINE IT. 

Does it have and tensile strength in this form? Transfer the dried 

NYLON matting TO A SMALL TEST TUBE AND TRY TO MELT IT OVER A LOW 

FLAME. Does it melt easily? If you succeed in melting it, try 

drawing from the melt a thin fiber with the WIRE USED IN THE FIRST 
PART OF THE EXPERIMENT. If YOU ARE SUCCESSFUL IN DRAWING A FIBER 
FROM THE MOLTEN MATERIAL, COMPARE ITS STRENGTH WITH THAT OF THE 
THREAD PRODUCED FROM THE TWO LAYERS. ATTACH A SHORT LENGTH OF YOUR 
"rope" to your report FORM. 

Removing the Nylon thread from the interface of two immiscible layers. 




NYLON 
6-10 





AQUEOUS SOLUTION OF 
HEXAMETHYLENEDIAMINE 

CARBON TETRACHLORIDE SOLUTION 
OF SEBACOYL CHLORIDE 

151 



ORGANIC CHEMISTRY 
Lcvcl: Hiqh School 



1 ii*. 



ACTIVITY: Synthesizing a Dye 

Problem: t 

Of the many thousands of compounds now produced through organic 
chemistry^ the synthetic dyes arc perhaps the most widely used* 
Perkin began the science of dye production when he accidentally 

PRODUCED MAUVE (lILAC COLOREd) FROM ANILINE IN 1836. FrOM THIS 

time on intensive efforts have been made to produce newer and 
better dyes^ with obvious and astonishing success. 

Crude materials from coal tar are the usual starting points in 

DYE SYNTHESIS* BENZENE {C6H6), NAPHTHALENE (Cl0H8)> AND PHENOL 
(C6H5OH) ARE TYPICAL OF SUCH SUBSTANCES. It IS FROM THESE SUB* 
STANCES THAT THE ALL-IMPORTANT INTERMEDIATES^ LIKE ANILINE^ ARE 
PRODUCED. The intermediates are then treated CHEMICALLY IN A ' 

variety of ways to produce the dyes. 

This experiment is the synthesis of aniline from benzene^ and the 
preparation of three important aniline dyes^ mauve^ rosanllinej and 
aniline yellow. 



Materials: 

ErlENMEYER flasks, two, 250 ML 

TcsT tubes. 
Funnel 

Thermometer, 0 -110^0 

Balance 

Ring 

Burner 

CONC. sulfuric ACID 

CoNC* Hydrochloric acid 
Mercury (II) chloride 
Sodium acetate 
Tin foil 
Ethyl alcohol 



BEAKERS>1KX) ml, 23 ML, 130 ML 

Watch Glass 
Filter papcr 
Medicine Dropper 
Ring stand 

Wire Gauze, asbestos center 
Graduated cylinder, 23 ml 

CONC* NITRIC acid 

Bleaching towder, CaCl(ClO) 

Sodium nitrite 

Sodium bisulfite 

Benzene 

Aniline 



Procedure : 

Aniline. This intermediate is prepared by converting benzene 
TO nitrobenzene, and then by reducing nitrobenzene with nascent 

HYDROGEN* MiX D ML OF CONC HzSO]^ WITH 6 ML OF CONC. HNO^ (CAUTI0N)« 

After this solution ts cool, add it in small portions to 4 ml of 

BENZENE IN A FLASK. ShAKE AFTER EACH ADDITION. NoW, WARM THE MIX- 
TURE GENTLY FOR A FEW MINUTES. ThE ALMOND-LIKE ODOR IS NITROBENZENE 

(CAUTION; THE VAPORS ARE TOXIC). 

Pour this mixture into 20 ml of water in a small beakcr, and 

NOTE THE SEPARATE YELLOW, OILY LAYER OF NITROBENZENE* TRANSFER 
THIS LIQUID TO A TEST TUBE WITH A MEDICINE DROPPER* AOD A SMALL 
PIECE OF TIN AND 10 ML OF CONC. HCL. HYDROGEN IS LIBERATED WHICH 
REDUCES THE NITROBENZENE TO ANILINE, A DARK BROWN COMPOUND. If THE 
REACTION IS SLOW, WARM GENTLY OR ADD MORE TIN AND ACID. 
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Mauve, aniline may be oxidized readily to mauve^ a beautiful 
PURPLE DYE. Dissolve about one half teaspoonful of bleaching powder 

(the oxidizing agent) in 100 ML OF WATER^ AND ADD A DROP OF ANILINE, 

Filter the result and examine using strong light. Try producing 
different dilutions. result? add some sodium bisulfite soltuion 

TO A SMALL AMOUNT OF THE DYE SOLUTION. RESULT? WhY DOES THIS HAPPEN? 

RosANiLiNE. This compound is the color base of the red dye^ 

FUCHSIN, FAMILIAR TO STUDENTS OF BACTERIOLOGY. It WILL BE PREPARtD 

by oxidizing aniline with mercury (ll) chloride. to a few drops of 
aniline in a dry test tube add a small amount of mercury (ll) chloride^ 
and warm gently for a few minutes. now, dissolve the product in 
alcohol in a small beaker and add a few drops of hcl. note the color. 

Aniline yellow. To make this dye we must synthesize two com- 
pounds^ ANILINE HYDROCHLORIDE AND D lAZOAM I NOBENZENE^ AND THEN COMBINE 

them to form the dye^ ami noazobenzene hydrochloride. for success^ 
each step must be carried out carefully. 

Aniline hydrochloride: Mix 10 ml of aniline with 10 ml of water 

IN a beaker^ and add 20 ML OF CONC . HCL WITH STIRRING. HEAT TO 

the point of boiling, then allow to cool. filter the crystals formed 
when the solution cools. finally, dry the crystals on a steam bath. 
When dry, cover and save these crystals. 

Diazoaminobenzene: Dissove 5 ml of conc. HCL in 100 ml of 

WATER, ADD k ML OF ANILINE AND STIR IN A FLASK UNTIL DISSOLVED. 

Maintain temperature at 25-3OOC while adding 2 gm of NANO2 in 

SMALL portions. ShAKE BETWEEN ADDITIONS. LET STAND FOR FIVE MINUTES, 

then add a solution of 5 gm per 20 ml of water of nac2h2o2 (sod. 
acetate). After fifteen minutes filter the dark yellow precipitate 

AND WASH WITH COLD WATER. DrY OVER A STEAM BATH UNTIL NEARLY DRY, 
THEN USE A WARM PLACE TO A I R DRY THE PRODUCT. (CAUTlONl THIS COM 

POUND EXPLODES AT 150^0.) DO NOT STORE THIS PRODUCT. 

Am I NOAZOBENZENE HYDROCHLORIDE: MiX ONE GRAM OF DRY ANILINE 
HYDROCHLORIDE WITH TWO GRAMS OF DRY DIAZOAMINOBENZENE AND DISSOLVE 
IN ABOUT 5 ML OF ANILINE IN A TEST TUBE. HEAT FOR A HALF HOUR AT 
30^C AND THEN FOR ANOTHER HALF HOUR AT ^5^0. STIR FREQUENTLY DURING 
HEATING, AND DO NOT OVERHEATI NOW ADD A SOLUTION OF 6 ML OF CONC. 
HCL PER 20 ML OF WATER WHILE STIRRING, AND COOL. FILTER AND WASH 
THE PRECIPITATE WITH DILUTE HCL. It IS ANILINE YELLOW. TRY DYEING 

a piece of wool by dipping in a hot, slightly acid solution of 
aniline yellow. 

Discussion : 

1. Study the chemistry of the above reactions, and write out 
equations for the changes observed. 

2. Other dyes easily prepared are methyl violet, phenolphthalein, 

MALACHITE GREEN, AND FLUORESCEIN. TrY THESE TO EXTEND YOUR 

knowledge. 

3^ — Study mordant dyeing and try some experiments to show the 

PROCESS. 
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ORGANIC CHEMISTRY 
Level: High School 



ACTIVITY: Fats and Oils; Soaps and Detergents 

The tats and oils or animal and vegetable origin are glycerides or 

long-chain tatty acid esters or THE TRIHYDRIC ALCOHOL GLYCEROL, 

H0CH2CH(0H)CH20H. 

CHgb-COR 
CH-O-COR* 
CH2O-COR" 
a general formula tor a tat or 0 1 l 

The hydrocarbon segments indicated by R, R% and R" in the 

FORMULA above GENERALLY ARE DIFFERENT. ThEY MAY VARY NOT ONLY IN 
LENGTH BUT ALSO IN DEGREE OF UNSATURAT I ON • If THE FATTY ACID COM- 
PONENTS OF A GLYCERIDE ARE LONG-CHAIN (Clg-Clg) AND SATURATED, THE 
ESTER IS A SOLID OR A SEMISOLID AT ROOM TEMPERATURE AND IS CLASSI- 
FIED AS A FAT. If the LONG-CHAlN ACiD RESIDUES ARE UNSATURATED 
(i.e., contain one or more double BpNDs), THE GLYCERIDE IS A LIQUID 
AT ROOM TEMPERATURE AND IS CLASSIFIED AS AN OIL. UnSATURATION IN 

the acid components of a fat lowers its melting point. conver6ely, 
saturating the double bonds with hydrogen raises its melting point. 
The latter process, when applied to oils, is known as hardening or 
hydrogenation and is carried out as an industrial process for the 
manufacture of margarines and cooking fats from vegetable oils. 

A FAT OR AN OIL, WHEN SAPONIFIED (i.E,, HYDROLYZED WITH ALKALl), 
PRODUCES GLYCEROL AND THE SODIUM OR POTASSIUM SALTS OF A MIXTURE 
OF FATTY ACIDS. ThE LATTER ARE CALLED SOAPS. 

CH2O-COR CH2OH RCOO-NA+ 

CH-O-COR* + 3 NaOH — CHOH + R*COO Na"^(soaps) 

CH2O-COR" CH2OH R"CO0 Na"^ 

A FAT OR OIL Glycerol 
The sodium and potassium soaps are soluble in water and are used 

AS CLEANSING AGENTS. ThE CALCIUM, MAGNESIUM AND FERRIC SALTS OF 
THE SAME FATTY ACIDS ARE INSOLUBLE IN WATER AND ARE NOT USEFUL AS 

SOAPS. These insoluble metal salts precipitate as a scum when ordi- 
nary SOAP IS USED IN HARD WATER. SYNDETS (SYNTHETIC DETERGENTS ) DO 
NOT FORM INSOLUBLE SALTS WITH THE METALLIC IONS NORMALLY PRESENT IN 
WATER. 

Acidification of a solution of soap will cause the fatty acid 
to precipitate. 

RC00"^JA + HCL—RCOOH + Na'^CL- 

Procedure : 
A, Solubility 

Note the odor and appearance of coTTONSErD oil. Try dissolving 

A LITTLE IN WATER; IN ALCOHOL; IN CARBON TETRACHLORIDE. REPEAT 
THE TEST USING SAMPLES OF MARGARINE. 
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B. Unsaturation tests 

Dissolve 0,5 ml of cottonseed oil in 5 ml of carbon tetrachloride 
IN a test tube. Add a solution of % bromine in carbon tetrachloride 

DROPWISE, counting THE NUMBER OF DROPS REQUIRED UNTIL THE BROMINE 
COLOR NO LONGER IS DISCHARGED INSTANTLY. REPEAT THE TEST USING 0,5 
G OF CrISCO or SOME OTHER HYDROGENATED SHORTENING. 

G. Drying oils 

On different parts of a glass cover plate place one drop of 

EACH Ot THE FOLLOWING OILS: (a) BOILED LiNSEED OIL, (b) COTTONSEED 

OIL, (c) Mazola or some other corn OIL. Put an identifying mark BY 

EACH AND LET THEM STAND IN YOUR LOCKER UNTIL THE NEXT LABORATORY 

PERIOD. Observe and report the condition of each oil at that time. 

D. The Preparation of soap 

Support on an iron ring or on a tripod a water bath filled about 

TWO-THIRDS WITH WATER, AND HEAT THE WATER TO BOILING. DISSOLVE 2,5 

G OF SODIUM HYDROXIDE IN 5 ML OF DISTILLED WATER AND 10 ML OF ORDINARY 

ALCOHOL (95/^). Add the alkaline solution to 5 g of Crisco in a 150- 

ML BEAKER, CoVER THE BEAKER WITH A WATCH GLASS AND HEAT THE MIX- 
TURE ON THE WATER BATH. STIR FREQUENTLY TO PREVENT SPATTERING AND 
KEEP THE VOLUME OF THE SOLUTION FAIRLY CONSTANT BY ADDING SMALL AMOUNTS 
OF 5056 ALCOHOL. IF THE MIXTURE FOAMS TOO MUCH ADD A SMALL AMOUNT 

OF UNDILUTED ALCOHOL. CAUTlONl KEEP THE ALCOHOL AWAY FROM YOUR 
BURNER. The reaction is complete when the oil or melted fat has 

DISSOLVED AND GIVES A CLEAR HOMOGENEOUS SOLUTION (aBOUT ONE-HALF 

hour). Dilute your soap solution by adding 15 ml of water then 

POUR it into a brine hade by dissolving- 30 G OF SODIUM CHLORIDE 
IN 100 ML OF DISTILLED WATER. StIR THE MIXTURE THOROUGHLY AND 
COLLECT THE PRECIPITATED SOAP ON THE BUCHNER FUNNEL. WASH THE SOAP 

twice with 10-ml portions of cold distilled water* 

Dissolve 2 g of the crude soap in 100 ml of distllled water and 

SET THE MIXTURE ASIDE AS YOUR TEST SOLUTION. PLACE THE REMAINDER 
OF THE SOAP IN AN EVAPORATING DISH, HEAT IT ON THE WATER BATH, AND 

stir into the soap just enough water to form a thick solution. 
Allow the soap solution to cool. Unless the amount of water added 
WAS excessive, the soap will solidify into a cake somewhat resembling 
commercial soap. 

Perform the following experiments on samples of your test solu- 
tion AND RECOKO YOUR RESULTS ON THE REPORT FORM. 

(a) Alkalinity 

Test the alkalinity of your dilute soap solution with pink litmus 

PAPER AND COMPARE THE RESULT WITH THOSE OF SIMILAR TESTS MADE ON 
SOLUTIONS PREPARED FROM 0.5 G-SAMPLES OF IVORY FlAKES AND DrEFT, 

each dissolved in 5o ml of distilled water. record your results. 

(b) Metallic salts of fatty acids 

to a 10-ml portion of your sdap solution add 1 ml of a dilute 

(O.ljf) CALCIUM CHLORIDE SOLUTION. ShAKE VIGOROUSLY AND OBSERVE. 

Repeat the test with dilute magnesium chloride and ferric chloride 
SOLUTIONS. Perform the same tests on the samples of Ivory and 
Dreft solutions prepared in (a). Record your results. 
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(c) Precipitation of soap 

To 50 ML OF YOUR SOAP SOLUTION ADO DILUTE HYDROCHLORIC ACID 
DROPWISE UNTIL THE SOLUTION IS ACID TO CONGO ReD PAPER, COOL THE 
MIXTURE IN ICE^ COLLECT THE PRECIPITATED ACID ON YOUR SUCTION FUNNEL^ 
AND WASH IT WITH 20 ML OF COLD WATER, On YOUR REPORT FORM WRITE AN 

equation to show the reaction which took place. assign a name to 
your product and show it to your laboratory instructor when handing 
in your written report. 

Test the solubility of a small sample (0,25g) of your product 

IN 2 ML or CARBON TETRACHLORIDE. AlSO TEST THE SOLUBILITY OF A ' 

small sample of stearic acid in the same solvent. 

(d) Emulsifying action of soap 

Shake k drops of mineral oil with 10 ml. of soap solution. 
Repeat the experiment using 10 ml of water. Reexamine both mixtures 
after standing for 3 minutes. record your results. 

Drying oils 

Describe the appearance of your oil samples after standing one week. 
Boiled linseed oil. 

Cottonseed oil. 

Mazola or other corn oil. 



Soaps and detergents 



Tests performed 


Your soap 
(brand X) 


Detergents 


Ivory 


Dreft 


(a) Alkalinity (litmus) 








(b) CaCL2 solution 








MgCL2 solution 








FeCL^ solution 









(c) Equation for reaction with HCL 



Solubility of product CCI4. 

Solubility of stearic acid in CC^. 

(d) Emulsifying action of soap on oil. 
Oil and soap mixture. (Result) 

Oil and water. (Result) 
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Questions and Exercises 

1« Draw formulas and give names for glycerioes which probably are 

PRESENT IN lard; IN MaZOLA OIL* 

2. Could cottonseed oil be used in paints as a drying oil? Explain 

3* Assume the average molecular wcight of a fat is 890^ What fatty 
acid components probably predominate? 

k. Why was the dilute soap solution poured in a solution of sodium 
chloride in water « 

5* How does soap FUNCTfON AS AN EMULSIFYING AGENT FOR OIL IN WATER? 

Draw a picture of an oil droplet and several soap molecules to 
illustrate your answer^ 

6. Suppose that you wanted to emulsify a water-insoluble compound 
IN WATER* Would soap be a reasonable choice for the emulsify- 
ing AGENT IF THE WATER WERE SLIGHTLY AClDiC? WhY? If IT 
WOULD NOT BE A GOOD CHOICE, CAN YOU DRAW THE STRUCTURE OF AN 
ORGANIC MOLECULE THAT MIGHT BE MORE SUITABLE? 



ERLC 



157 



MEASUREi^ENT 



ERIC 



tt 



^1 



It" 



1.. 1- ! .. 1 i t, 
0^ 2 4 6 9 



k ' i: ^. 

158 



MO 



MEASUREMENT 



Air Traffic Controller 

Architects 

Astronauts 

Astronomer 

Biologist 

Buyers (merchandise) 
Chemists 

Railroad Conductor 

Dentist 

Dietitian 

Draftsman 

Economist 

Editors 

Engineering Technicians 
Engineer 

Fashion Designer 
Geographer 

Map Maker (Cartographer) 
Geophysics 

Ground Radio Operator 
Guidance Counselor 
Historian 

Hospital Admi strati on 
Hotel & Motel Managers 
Industrial Designer 
Industrial Traffic Manager 
Interior Design & Decorator 
Landscape Architect 
Marketing & Research Personnel 
Mathematicians 

SIGNAL MAINTAINER 

Structural Steel Worksr 
Lithographic Occupation 
Meter Man-Woman 
Power Plant Operator 
Boiler Fireman 
Long Shoreman 
Power Dispatcher 
Computer Operators 
Life Insurance Salesmen 
Real Estate Agent 
Sales Clerks 
Fireman 

Practical Nurse 
Agribusiness Technician 
Dairy Production Technician 
Farming 

Fish Culture Technician 
Forestery Product Technician 
Livestock Production Technician 

Aircraft Mechanics 
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Medical Lab Assistant 
Medical Record Librarian 
Medical Technology 
Merchant Marine Occupations 
Musician 

Occupational Therapist 

Oceanographer 

Optometrist 

Occupation Counselor 

Photographer 

Physical Therapist 

Physician 

Physicist 

Pilots 

Psychologist 
Public Relations 
Restaurant Manager 
Social worker 
Speech Pathologist 

AUDIOLOGIST 

Super Market Manager 
Surveyor 
Systems Analyst 
Elementary Teacher 
Secondary Teacher 
Urban Planner 
Veterinarian 
Vocational Counselor 
X~Ray Technician 
Radiologist 
Stone Mason 
Bus Driver 
Locomotive Engineer 
Photo Engraver 
Staticmary Engineer 
Stevedore 
Taxi Driver 
Truck Driver 
Auto Parts Man 

Manufacturing Representative 
Delivery Man 
FBI Agent 
Policemen & Women 
Shoe Repair 

Agriculture Extension Worker 
Farm Crop Production Technician 
Fish & Wildlife Technician 
Forester 

Lab Animal Care Technician 
Air Conditioning and Refriger- 
ation Mechanics 
Automobile Mechanics 
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Composing Room Occupations 
Farm Equipment Mechanic 
Industrial Maintenance Mechanic 
Welder 

Airplane Dispatcher 
Plumber-Pipe Fitter 
Paper Hanger & Painter 

LiKEMAN 

Instrument Maker 
m^llright 

Business Machine Repairman 

Set Up Man 

Appliance Serviceman 

Furniture Upholsterer 

Jeweuers 

Optician 

TV & Radio Technician 
Boiler Maker 
Carpenter 

Telephone Installer 
Electrical Repairman 
Floor Cover Installer 
Insulation Worker 
Statistician 



Diesel Mechanic 
Flight Engineer 

RoOFcR 

Sheet Metal Worker 

Bookbinder 

Plasterer 

Operating Engineer (Construction) 
Lay Out Man 

Machine Tool Operators 
Pattern Maker 
Printing Pressman 
Tool & Dye Makers 
Dental Lab Technician 
Instrument Repairer 
Jeweler Repair 
Optical Mechanic 
Watch Repairman 
Brick Layer 
Cement Mason 
Construction Laborer 
Elevator Repairman 

GUZIER 

Lather 
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MEASUREMENT 
Level: Junior High 



ACTIVITY: Who Am 1? Activities in Measuring Me. 

Mater I ALs : Meterst i ck Scale 

"^APE Measure Calendar 
Time piece 

Procedure: 

This activity for Junior High students is to make them aware 

OF THEIR OWN GROWTH AND AT THE SAME TIME WORK WITH MEASUREMENT. 
To DO THESE ACTIVITIES THE STUDENT WILL OBSERVE, MEASURE, AND 
RECORD DATA ABOUT THEMSELVES. 



A. Measure how tall you are each month of the year and record 

ON A GRAPH. How MANY CENTIMETERS TALL ARE YOU? 

How MANY METERS WOULD THIS BE? 

B. How WIDE ARE YOU? RECORD AT FIRST AND LAST OF YEAR: 

Brow Wa I sT 

Ear to ear ThJgh to ThIgh 

Neck Knee to knee 

Shoulder to shoulder Ankle to ankle 

Chkst Foot to foot 



C, What is your circumference? 

Brow Thigh 
Neck Knee 
Shoulder Calf 
Chest Ankle 
Waist Foot 

Record your data twice a year. (Can be done both metric & English) 

D, What is your pulse rate? Count the pulses or beats for one 

MINUTE. Do THIS SEVERAL TIMES DURING THE YEAR AND RECORD, 

After breakfast After exercising 

While resting While standing 

On awakening 



E. Can you identify 10 differences and ten similarities in the 

TWO SIDES OF YOUR BODY. RECORD : 



F. Using your height, wIdth and circumference and determine 

AN APPROXIMATE SURFACE AREA PF YOUR BODY. 



G, How MUCH DO YOU WEIGH? ChECK AT LEAST TEN DIFFERENT TIMES 

DURING THE YEAR AND RECORD. CAN YOU THINK OF A WAY TO COMBINE 

height, weight width or circumference? 
Interpretations : 

How FAST ARE YOU GROWING ? ArE YOU ALIKE OH BOTH SIDES? 

What part of me is growing most rapidly? 



US 

MEASUREMENT 
Level: JuNiot^ High 



ACTIVITY: Measurement »of Temperature 

Materials: Thermometers Beakers 

Alcohol lamps or heat source Ring stands 
Samples (Water at different temperature) 

Introduction: 

"Thermo" means heat; "meter" mcans to measure. Therefore, a 

THERMOMETER IS AN INSTRUMENT USED TO MEASURE HEAT« ThE DEGREE 

of heat an object has at a given time is its temperature* 

Procedure : 

A. Getting aquainted 

Examine the thermometer and answer these questions: 
1. What is the lowest temperature you can read? 



2. What is the highest temperature you can read?_ 
This gives you the range of your thermometer, 
3« how many lines are there between 10^ and 20^? 



This means that each mark is equal td how many degrees ? 
Where is the level of the material in the tube now? 
This reading gives you room temperature or in science terms, 
ambient temperature. what scale is your thermdmeter? 



B« Using our instrument 

Given 5 different samples of liquids at different temperatures, 
measure your samples using both a centigrade thermdmeter and a 
fahrenheit type* 

SAMPlf 1. ^^C 3. ^Or ^Oc 0^ 

2. Or 4^ ^oc ^op 

c. how are changes in temperature recorded 

Given a beaker v/ith a certain amount of water. Observe the 

WATER IN THE BEAKER AND RECORD ITS TEMPlRATURE. HeAT THE 

beaker for 5 minutes. record the temperature after heating. 

Initial temp.__ Changc of temp, in 5 min. 

Final temp. Rate of increase of temp. =Q/min. 



D. Convert temperatures from one scale to the other 

On some graph paper, construct diagrams of the Celsus 
(Centigrade) and Fahrenheit scales in such a way that the boiling 
point of water is on the same horizontal line on each scales, 
do the same with the freezing point. divlde each scale into the 
correct number of degrees between these points. llmit your 
graph to the temperatures between o^f and the boiling point of 
water. you can now convert a temperature on one scale to the 
corresponding temperature of the other scale. to check your 
work use the following equations: 

^ 9/5 ^C +32 ^C = 5/9 {^F - 32) Change: 73OC to ^F = 

$6oF TO oc = 
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MEASUREMENT 
Level: Junior High & Above 



ACTIVITY: How to measure a molecule 



Materials: 

Clean tray at least i6 inches wide 

Rubbing aicohol 

Two medicine droppers 

Metric scale ruler 



Distilled water 
Used automobile crankcase oil 
1 ounce of U.S.P, oleic acid 
Flat black paint 



Procedure : 

First clean the tray carefully and paInt it with the black paint. 
After it has dried^ rinse it with alcohol, 

now make a 1j5 solution of oleic acid in alcohol ( using 99 drops 

OF ALCOHOL TO 1 DROP OF OLEIC ACId) AND PUT IT ASIDE. WhEN THE TRAY 
IS COMPLETELY DRY, HALF FILL IT WITH DISTILLED WATER. PLACE ONE 
DROP OF OIL ON THE WATER AND A THIN OIL SLICK WiLL FORM. As IT 
SPREADS YOU WILL FIRST SEE COLORS, THEN THE LAYER WILL APPEAR BLACK. 

Now LAY THE METRIC RULER ACROSS THE TRAY AND PLACE ONE DROP OF THE 
Ijf OLEIC ACID SOLUTION ON THE CENTER OF THE OIL SUCK. SOME OF THE 
ALCOHOL WILL EVAPORATE AND THE RE$T WILL MIX INTO THE WATER LEAVING 
A CIRCLE OF OLEIC AC|D ABOUT 20 CM ACROSS, WHICH WILL NOT SPREAD 
ANY FURTHER. MEASURE THE DIAMETER OF THE CIRCLE AND COMPUTE THE 
AREA. Now RINSE THE TRAY WITH ALCOHOL AND TRY THE EXPERIMENT AGAIN, 
USING A l/2j5 OLEIC ACiD SOLUTION (l DROP WITH 199 DROPS OF ALCOHOL). 

Measure the circle and compute the area. It will be half the area 
of the first circle. 

Since the number of molecules In the 1/2^ oleic acid layer is 

HALF THAT IN THE 1^ AND THE CIRCLE IS HALF THE AREA, YOU HAVE FOUND 
A FUNDAMENTAL RELATIONSHIP. .1n EACH CASE THE OLEIC ACiD HAS SPREAD 
TO THE LEAST POSSIBLE THICKNESS, THAT OF ONE MOLECULE. ThE MOLECULES 

are known to be standing on end because their particular structure 
and composition make one end turn oown toward the water. 

By simple arithmetic you can make a good approximation of the 
thickness of the layer, and therefore the height, or greatest dimension, 
of each molecule. 

Since the circular layer is actually a shallow cylinder, use the 
formula for the volume of a cylinder. 



Solving for height: 

to get the volume, test your dropper to see ><0w many drops in 1 cc. 
If you find there are 50, then the volume of a drop is 1/50 cc, or, 

EXPRESSED AS A DECIMAL, .02 CC. ThE VOLUME OF OLEIC ACID IN A DROP 
OF ^% SOLUTION THEREFORE IS ^% OF .02, OR .0002 CC. Th I S CAN BE 

WRITTEN 2 X 10"^. Supposing your circle has a diameter of 20 cm, 

AND THEREFORE A RADIUS OF 10 CM, BY SUBSTITUTING IN THE FORMULA 

YOU WILL get: 



V 
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.0002 

3*1^ X (10)^ 

Solve this and you will find the height in centimeters is a number 

PRECEDED BY SIX ZEROS TO THE RIGHT OF THE pECIMAL POINT^ WhAT IS 
(TS HEIGHT IN ANGSTROM UNITS? 

Of COURSE, DROPS ARE NOT A VERY ACCURATE MEASURE, BUT THIS 
METHOD WILL RESULT tN A GOOD ESTIMATE* 
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MEASUREMENT 
Level: Jr* High or High School 



ACTIVITY: Measurement of Length and Area 

This investigation v/ill give you an opportunity to experience 
some of the difficulties in measuring that might have confronted a 

STUDENT LIVING DURING THE EIGHTEENTH CENTURY* It WILL ALSO ALLOW 

you to use some modern methods of measurement* 

Materials (per team): 

Yardstick 

Meterstick 

Procedures: 

Measure the desk or table in inches^ feet^ and yards^ using 
a yardstick* Using a meterstick, repeat the measurements in 
millimeters, centimeters, and meters. 

Interpretations: 

U Which system of units did you find most useful? Which is 
most accurate? 

2. What is meant by the statement that "All measurements are 
estimates"? 
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MEASUREMENT 
Level: Jr. High or High School 



ACTIVITY: Use or Balance. 
Materials: 

one stick about two teet long a stack of books slightly higher 

Balance than the pan of the scale 

Rest one end or the stick on the left hand balance pan and the 

OTHER END ON STACK Of BOOKS. BE SORE THE BOOKS ARE HIGHER THAN THE 

SCALE PAN, Be sure THAT JUST THE TIP Of THE STICK IS RESTING ON 

THE BALANCE PAN AND THAT THE STICK TOUCHES THE PAN AT ONLY ONE POINT. 

Weigh that end of the stick carefully. Write down the weight value, 
now reverse the position of the stick so that you weigh the 

OTHER END. WeIGH THIS END CAREFULLY AND WRITE DOWN THIS WEIGHT 
VALUE. 

Add the two weights together. 

Next weigh the whole stick. Record the weight. 

State Police officers sometimes need to weigh a whole truck 

ON THE HIGHWAY. CaN THEY PUT A BALANCE UNDER ONE WHEEL AT A TIME, 
ADD THESE WEIGHTS TOGETHER, AND SAY THAT IS THE WEIGHT OF THE WHOLE 

TRUCK? Your weighing or the stick in this experiment showed that 

State Police officers can obtain the weight of a truck by placing 

A scale under one wheel at a time and then adding the weights together. 

Q. Do THE WEIGHTS OF EACH END WHEN ADDED TOGETHER EQUAL THE WEIGHT 
OF THE WHOLE STICK? V/HY? 

A. YE5?, THE SUM OF WEIGHTS OF EACH END IS THE WEIGHT OF THE WHOLE 

STICK. Each time, the books supported half the stick, and the 

BALANCE SUPPORTED HALF THE STICK. 
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MEASUREMENT 
Level: High School 



ACTIVITY: Determining the Volume of Solids 

The space than an object or a substance occupies is called its 
volume ^ It is relatively easy to determine the volume of liquids 
by using a graduated cylinder, determining tht volume of a solid 

REQUIRES DIFFERENT TECHNIQUES. To DETERMINE THE VOLUME OF A REC- 
TANGULAR OBJECT, YOU MUST MULTIPLY THE AREA OF THE OBJECT 8Y ITS 
DEPTH. For PRACTICE, SUPPOSE YOU WiSH TO FInD THE VOLUME OF A REC* 
TANGULAR OBJECT. ThE AREA OF ONE OF THE RECTANGULAR SIDES IN 4 INCHES 
X 2 INCHES, OR 8 SQUARE INCHES, ThE DEPTH IS 2 INCHES, ThE VOLUME 
IS 8 SQUARE INCHES X 2 INCHES, OR l6 CUBIC INCHES, ThUS THE DiMEN- 

slons involved are length, width, area, and volume, "cubic" should 
not be a new term for you (sugar cubes, ice cubes), cubic measure- 
ment is necessary in determining the volume of sollds. 

Materials (per team): 

3 RECTANGULAR SOLIDS OF DIFFERENT SIZES RULER CALIBRATED IN INCHES AND 
50- OR 100-ML GRADUATED CYLINDER CENTIMETERS 

Overflow can or old tea pot Yard of thread 

Graph paper Nails, marble, and other ob- 

Straight pin or fine wire JECTs small enough to fit 

Small pieces of wood (irregular shapes) In graduated cylinder 
Sugar cubes 

Procedures: 

A, In your notebook, copy the chart, 

B, Number the solids. Use your ruler to determine the volume 

OF EACH SCLID IN CUBIC INCHES AND IN CUBIC CENTIMETERS. 

Record thIs data on your chart. 

C, Placs the graduated cylinder under the spout of the overflow 
CAN, Fill the can with tap water until water begins to flow 

FROM THE SPOUT, WHEN THE FLOW HAS STOPPED, EMPTY THE GRAD- 
UATED CYLINDER AND PLACE IT UNDER THE SPOUT AGAIN. 

D, Tie a thread around Solid 1, and lower it carefully Into 

THE WATER. If THE SOLID DOES NOT SINK, HOLD IT UNDER WATER 
V/ITH A PIN OR OTHER SMALL PROBE. 

E, Keep the solid completely submerged until the water has 

STOPPED FLOWfNG INTO THE CYLINDER, ThEN CAREFULLY MEASURE 

THE AMOUNT OF WATER IN THE CYLINDER. 
V/ATER HAS A SLIGHTLY CONCAVE SURFACE WHEN CONFINED IN A. NARROW 
CYLINDER. This could cause SOME ERROR IN DETERMINING VOLUME, ThE 
ACCEPTED SCIENTIFIC PRACTICE IS TO TAKE THE READING AT THE LOWEST 
POINT OF THE CURVE- It IS ALSO IMPORTANT THAT THE CYLINDER BE ON 
A LEVEL SURFACE, ThE READING SHOULD BE TAKEN AT EYE LEVEL, 

Repeat Procedures D through E two more times. Record on your 

CHART THE VOLUMES FOR EACH OF THE THREE TRIALS WiTH SOLiD 1. CAL- 
CULATE TKE AVERAGE VOLUME OBTAINED WiTH EACH METHOD. 
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Trial 
Number 



Solids 
2 



Volume in cubic 
Inches 



Volume of 
displaced water 

IN MILLILITERS 



: 3 
i — 



I- — 



1 

2 



, 3-- 

\ AVERAGE 



I 

.4 



Volume in cubic \ 

centimeters 



2 



AVERAGE 



AVERAGE 
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Repeat Procedures 6 through E for Solid 2 and Solid 3* 
Be sure to record the data for each of the three trials 

WITH each solid. 

G. On GRAPH PAPER CONSTRUCT A GRAPH. UsE THE VERTICAL AXIS OF 
THE GRAPH FOR VOLUMES IN CUBiC INCHES AND THE HORIZONTAL 
AXIS FOR THE NUMBER OF MILLILITERS OF WATER DISPLACED 

(collected in the graduated cylinder). Plot the average 
of the three trials for each solid. beginning at zero, 
draw a line connecting the three average points. 

H. Using another piece of graph paper, repeat Procedure G, 

BUT plot the values FOR VOLUME IN CUBIC CCnTIMETERS AGAINST 

volume of displaced water in milliliters. 

Interpretations: 

U Note the relationship between the volumes in cubic Inches, 
CUBIC centimeters, and milliliters* Which system—English 
or metric— seems to be the easiest to use in finding the 
volume of a solid? 

2. Carefully compare the two graphs, and describe any differ* 
ences or similarities. 

3, In Procedure G were you able to draw a straight line from 
zero through the three average points? if not, how can 
you explain the results? 
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Procedures (continued) 

i. you may wish to determine the volumes of other objects, 
The overflow can is not needed for objects small enough 
to be placed directly in the graduated cylinder, pour 
enough water into the graduated cylinder to completely 
submerge the object. (usually this can be done if the 
cylinder is about half-full* ) read and record the volume 
of the water. submerge the object in the water, and again 

TAKE A READING FROM THE CYLINDER. If THE OBJECT FLOATS, 
HOLD IT UNDER THE WATER WITH A PiN OR F I NE WIRE. WhAT IS 

the volume of the object? 
Problems: 

1. Use a ruler (English and metric) and the water-displace- 
ment METHOD TO MEASURE THE VOLUME OF EACH OF THE FOLLOWING! 

a. an irregular shaped piece of wood 

b. a cube of sugar 

2. Which method of measuring volume did you find most useful 
IN Problem 1? Which system— English or metric— did you 

FIND MOST CONVENIENT? 
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MEASUREMENT 
Level: High School 



ACTIVITY: Mass and Volume of Water 

Matter is described as any substance that has mass (v/eIght) 
and occupies spafee (volume ). for nov/ w£ will use the words mass 

AND WEIGHT AS IF THEY HAD THE SAME MEANING. LATER IN THE COURSE, 
UNDERSTANDING THE DIFFERENCE BETWEEN MASS AND WEIGHT WILL BECOME 
IMPORTANT. 

The RELATIONSHIP BETWEEN MASS AND VOLUME WILL BE EXAMINED IN 

this investigation* 
Materials (per team): 

Balance sensitive to 0*1 gram 50- 100-ml graduated cylinder 

Sheet of ordinary graph paper Red pencil 

Procedure : 

A* Copy the chart shown. 







Mass of 




1 


4 


Mass of 


GRADUATED 


Mass 


Volume 


1 


. GRADUATED 


CYLINDER 


OF WATER 


OF WATER 




cylinder 


AND WATER 


IN 


1 IN 


1 Trial 


! in grams 

1 t 


IN GRAMS ■ 


GRAMS 


1 MILLILITERS 



1 



2 




Average • , 

ii^^ III ■ -i w ■ ■ ■ mm^^^^^ ■ ■■■■■■■■ - ^ 

B# Weigh the graduated cylinder, and record its mass on the 
chart. 

C. Pour some water into the cylinder. Weigh the cylinder with 

THE WATER IN IT. RECORD THE COMBINED MASS ON THE CHART. 

D. Determine the mass of the water by substracting the mass of 

THE CYLINDER FROM THE MASS OF THE WATER AND THE CYLINDER. 

E. Determine the volume of v/ater in the cylinder. Remember 

TO KEEP the cylinder LEVEL AND TO TAKE READINGS AT THE LOW 
point of the MENISCUS (tHE CURVE OF THE WATER'S SURFACE ) . 

Record on the chart. 

F. Repeat Procedures C, and E four more times, using a 

DIFFERENT VOLUME OF WATER IN EACH TRIAL. RECORD ThC DATA 
ON THE CHART. 



ERLC 



170 



G. Plot values tor the mass and volume or water in each trial 

ON ORDINARY GRAPH PAPER. USE THE VERTICAL AXiS FOR MASS AND 
THE HORIZONTAL AXIS FOR VOLUME. ThIS WILL GIVE YOU FIVE 
POINTS ON THE GRAPH. BEGINNING AT ZERO^ DRAW A LINE CON- 
NECTING THESE POINTS. CALCULATE THE AVERAGE MASS AND THE 
AVERAGE VOLUME OF WATER. UsiNG A RED PENCIL^ PLOT THIS 
POINT ON THE GRAPH. BEGINNING AT ZERO, DRAW A STRAIGHT RED 
LINE THROUGH THE AVERAGE POINT; EXTEND THIS LINE AS FAR AS 

.ossible beyond the average point. keep the graph in your 
notebook. 

Interpretations: 

1. Divide the average mass of water obtained in all trials by 

M 

THE AVERAGE VOLUME FOR ALL TRIALS: V= ? COMPARE THE 

M 

average value for v obtained by your team with the average 
values obtained by other teams. 

2. What relationship appears to exist between the mass of 

WATER IN GRAMS AND ITS VOLUME IN MILLILITERS? 
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MOT ION 




/S3 



PHYSICS - MOTION 



Architects 

ASTRONOHeB. 

Dentist 
Engineer 
Merchant Marine 
Pilot 

Technical Writer 
X-Ray Technician 
policemen«women 
Farming 

Air Craft Mechanic 
Instrument Maker 
Jeweler Repair 
Lay Out Man 
Locomotive Engineer 
Truck Driver 
Taxi Driver 
Stationary Engineer 



Astronauts 
Physical Chemist 
Engineering Technician 
Geophysics 
Physicist 

Teacher seconoary-college 
Veterinarian 
Radiologist 
FBI Agent 

Fish Culture Technicians 
Flight Engineer 
Jeweler 

Watch Repairman 

Operating Engineer (construction) 
Apprentice Engineer 
Power Dispatcher 
Boiler Fireman 
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MOTION 
Level: Junior High 



ACTIVITY: To observe what happens when a moving body hits a 

STATIONARY OBJECT* 

Materials: A ruler with groove graph paper 

a marble blocks 

Background : 

If you observe the motion of a body^ you can discover several 
properties of that motion. As you do this experiment, seek to 
discover several properties of mot'oim* you are to observe the 
interactions of two bodies - onf moving and one at rest (station- 
ARY). How IS A BODY AT REST DEF^^»P-0? The MOVING BODY WHICH YOU 
ARE TO USE IS A MARBLE ROLLING DOWN AN INCLINED PLANE* GaLILEO 
WAS PROBABLY THE FIRST TO USE THE INCLINED PLANE TO INVESTIGATE 
MOVING BODIES* An INCLINED PLANE IS A SURFACE WHICH IS ON A 
SLANT (at AN ANGLE TO THE HOR 1 7.0NTAL ) • SiNCE THE STATIONARY 
BODY IN THIS EXPERIMENT IS RESTING ON THE TABLE, ASSUME THAT, IF 
IT DOES CHANGE POSITION, THE CHANGE IS ALONG THE SURFACE OF THE 
TABLE. (No CHANGE IN ALTITUDE.) ThE POSITION (s) OF THE BODY 
CAN BE REPRESENTED ON A GRAPH, SINCE THE CHANGE TAKES PLACE IN 
REFERENCE TO ONLY TWO REFERENCE POINTS. ThE POSITION OF THE 

body remains constant in reference to the third reference pcfcnt 
(altitude). 

Procedure : 

Part 1- Tape a piece of graph paper onto the lab bench or 
TABLE TOP. Place one ^nd of ruler so that it just touches the 

MIDPOINT OF ONE EDGE OF THE PAPER AND PROP THE OTHER END UP SO 
THAT IT IS APPROXIMATELY AT A ^5° ANGLE. KEEP THIS SET-UP CONSTANT 
THROUGHOUT THE EXPERIMENT. PLACE THE BLOCK AT THE BASE OF THE 

RULER. Mark its position by drawing a line around it. Label 

THIS POSITION A. Hold the marble at the top of the ruler. Release 

THE MARBLE. OBSERVE. MARK THE NEW POSITION OF THE BLOCK BY 
DRAWING AROUND IT. LABEL IT B. PLACE THE BLOCK AT THE INITIAL 
POSISriON A AND AGAIN RELEASE THE MARBLE. DrAW AROUND THE BLOCK. 

Label the position of the block C. Repeat the steps. Label 

THIS POSITION of THE BLOCK D. 

Find the center of position A. Do this by drawing- diagonal 
LINES'. Label this point 0,0. Now draw a line parallel to the 
edge of the paper from 0,0. Label the left side of the line L 

AND THE RIGHT ONE R. Ax 0,0 DRAW A LINE AT RIGHT ANGLES TO LR. 

Label this line F. Find the position (final) of the center of 

THE BLOCK IN EACH TRIAL. Do THIS BY COUNTING THE SQUARES OF THE 
PAPER THAT THE CENTER OF THE BLOCK IS FROM THE LINE LR AND ALSO 

FROM LINE F. Repeat these steps to determine positions C and D. 
Make A data table: 
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NO. OF SQUARES NO. OF CM. 

FROM LR FROM F FROM LR FROM F 
POSITION L t R L R L | R L ^ R 



C 



Measure with a ruler the number of centimeters (cm) between 

POSITIONS A AND POSITION Bj A AND Cj A AND 0. ReCORO THESE DATA* 

Part 2 - This time work with a large block and a marble. Pro- 
ceed EXACTLY AS DIRECTED IN PaRT 1. 

Part 3 • Again use the large block, but this time use a large 
mass on the inclined plane. 



DISCUSSION OF RESULTS: Part 1 



1. How CAN YOU PROVE THAT A CHANGE IN POSITION OF THE BLOCK 
OCCURRED? 

Z. Did the block move when the marble hit it? On what basis 

did you decide upon your answer? 
3* What difficulties did you have in determining the distance 

between position 1 ^ 2, or 3 and 0? 
k. Were your results consistent? If not, what were your 

SOURCES OF error? 

5, v/hat were the constants in this station of the experiment? 
List. What were the variables? List. 

Part 2 

1, What was the difference between the experiment which 

YOU DID IN Part 1 and in this Part 2? 

2. What was the effect of increasing the mass of the block? 

Part 3 

!• What was the difference between the experiment in Part 2 

AND 3? 

2. What was the effect of increasing the mass of the movjng 

BODY? 



GENE? ZATIONS: 



What are the interactions between a moving body and a body at 
REST? What factors affect the distance which the body at rest 

MOVES WHEN IT IS HIT BY A MOVING BODY? 
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MOTION 

Level: Junior High & Above 



ACTIVITY: Pendulum Activities 
Materials: Part 1 • Cdne-shaped cups 

SALT 

scissors 

string or light wire 
pendulum stand 

Part 2 - String 
Toy car 

Pendulum stand 

Procedures : {part 1 ) 

Cut a small hole in the bottom of a cone-shaped cup. Then 
cut three evenly-spaced holes at the top rim, pass string through 
them^ And hang the cup. When the cup is filled with salt, it 

WILL DROP THE SALT LIKE AN HOURGLASS. IF THE CUP IS USED AS THE 
BOB OF A PENDULUM, THE SALT WILL TRACE OUT THE SWING PATTERN OF 
THE PENDULUM. In PLACE OF A CONE-SHAPED CUP, YOU CAN USE A 
FR02EN-UUICE CAN WITH A HOLE IN THE BOTTOM OR AN UPSIDE-DOWN 
DETERGENT BOTTLE. SALT PENDULUMS CAN BE HUNG FROM THE STANDARD 
PENDULUM SUPPORTS • ThE I R MOVEMENT IS SLOWER AND MORE STATELY, 

however, when they are hung from the ceiling. spread a sheet 
or plenty of paper below to catch the salt, and tape any joints 
in the paper with masking tape. 

The salt pendulums can be used in any pendulum experiment*. 
Let children try lots of different v/ays of hanging and swinging 

THE pendulums. ManY DIFFERENT DESIGNS AND PATTERNS CAN BE MADE 

with salt pendulums. 

Often, children couple two salt pendulums together, "just to 

SEE WHAT WILL HAPPEN." If THEY HAVE ALREADY WORKED WITH COUPLED 

pendulums, they may try some of the activities again with salt 
pendulums and get a visual record of the motion of coupled 
pendulums. 

a simple salt pendulum can be made by hanging a can or cup 
from a single string. 

What kinds of patterns will a simple salt pendulum make? 

a compound salt pendulum can be made by hanging the can or 

CUP FROM A "Y" SUSPENSION. ThE KNOT MADE WHERE THE THREE STRINGS 

intersect should be a slip knot. every time the position of the 
slip knot is changed, the sand will drop in a new pattern. 

What kinds of patterns will a compound salt pendulum make? 
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Procedures: (part 2) 

a rather interesting experiment could be tried out to determine 
the approximate center of gravity of a toy automobile. suspend 
the automobile by its four corners to a horizontal rod and set it 
swinging through a small arc* 

Count the number of vibrations over a period of two or three 
MINUTES* Determine the period of one vibration by dividing th^ 
total elapsed time taken in seconds* Using the formula for the 

SIMPLE pendulum CALCULATE THE LENGTH OF AN EQUIVALENT SIMPLE 
PENDULUM WHICH WOULD HAVE THE SAME PERIOD OF VIBRATION AS THE 
AUTOMOBILE* 

L - (rearranging terms) 
It 2 



V/HERE G IS THE ACCELERATION OF GRAVITY AND T IS THE PERIOD OF 
THE PENDULUM JUST OBSERVED^ L WILL GIVE THE APPROXIMATE LOCATION 
OF THE CENTER OF GRAVITY IN THE AUTOMOBILE AS MEASURED FROM THE 
POINT OF SUSPENSION— DoES IT FALL WlTHlN THE LOWER PART OF THE 
TOY AUTOMOBILE AS IT SHOULD? 
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MOTION 
Level: High School 



ACTIVITY: Speeo 

The term speeo is part of your eveRvoAY vocabulary^ We talk 

ABOUT Tne speeo or AUTOMOBiLes^ uer AiRPLANes^ and eveN THe speeo or 

SOUND AND OF LIGHT. ThIS t NVesT I GAT I ON IS OeSIGNeO TO SHOW YOU 
A METHOD OF MeASURiNG SPeCO. 

MATeRiALs (peR TeAM): 

GROoveo speeD«TRACK sYSTeM ( A siNGLe STeeL ball about 1/2 inch in 

LONG TRACK MAY Be US^D^ IF YOU CHOOSe DIAMeTeR 
6 DiFFeReNT TRACK LeNGTHS.) TiMeR 

Graph PApeR 



PRoceouRes: 

A. Hold Tne sTeeL ball against Tne starting post in track 1« ReLeAse 

THe BALL^ AND oeTCRMlNE THe TIMF IT TAKES THE BALL TO REACH THE 
END OF THE TRACK. TiME CAN BE MEASURED WITH A CLICK TlMER^ WITH 
A STOP WATCH^ OR BY CAREFUL OBSERVATION OF A SWEEP SECOND HAND 
ON A WATCH OR CLOCK« TEAMWORK IS IMPORTANT! It IS BEST TO MAKE 
SEVERAL TRIALS^ AND CALCULATE THE AVERAGE TIME FOR ALL TRIALS. 

B. Repeat the procedure^ using Tracks 2 through 6. Record the 

AVERAGE .TIME FOR EACH TRACK. 



C. Measure the length of each track in centimeters or inches. 

Plot the data on a bar graph^ using th^ horizontal axis to show 
distance traveled and the vertical axis to show time. 



Interpretations: 



1. Compare your graph with the appearance of the speed track system. 
Describe similarities and differences^ and suggest an explanation. 

2. Assume that is = speed^ d = distance^ and t s time. Explain 

tACH OF THE FOLLOWING EQUATIONS: 

A. S = B B. O = ST C. T = B 

T S 



3. Suggest ways in which the design of this investigation could 
be improved to yield more accurate results. 

k. In your own words write out a definition of speed. 
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Understanding Force: 

Force was used by man long before he realized what it was. He 
applied force when he lifted a stone or threw a spear. Today we 

USE MANY devices TO PRODUCE FORCE: JET ENGINES^ ELECTRIC MOTORS^ 
GASOLfNE-POWERED ENGINES^ AND ATOMIC ENERGY REACTORS. WE HAVE 
TALKED ABOUT THE ATTRACTIVE FORCES BETWEEN ATOMS AND BETWEEN 
MOLECULES^ AND WE HAVE SEEN THAT THERE IS A FORCE CALLED GRAVITY. 
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All or these examples involve tirriNG^ pushing^ pulling^ or 

ATTRACTING. FORCE IS ANY INFLUENCE THAT TENDS TO CAUSE MATTER TO 

MOVE. The word tends is important. For example, if you attempt 

TO LIFT ONE END OF AN AUTOMOBiLE YOU ARE EXERTING FORCE, EVEN THOUGH 
THE CAR IS TOO HEAVY TO LIFT. Or, IF YOU LEAN AGAINST A SOLID WALL 

you exert force, even though the wall does not move. 

It takes force to compress, stretch, or bend a spring. The 
atoms in a spring are arranged in a particular way. to bend them 
out of their pattern requires that the electrons holding them together 
be crowded in some places and thinned out in others. where the 
electrons are crowded together, they repel each other more strongly 
and give the metal spring a tendency to return to its original shapc. 
The MORE YOU bend the material out of its normal shape, the more 

CROWDED THE ELECTRONS BECOME AND THE GREATER IS THE TENDENCY OF THE 
MATERIAL TO RETURN TO ITS ORIGINAL SHAPE. OnE WAY TO MEASURE THIS 
TENDENCY IS TO OBSERVE THE EFFECT OF A SPRING ON A STEEL BALL. 



1. What careers would need to know something about speed, time 
and distance? 
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MOTION 
Level: High School 



ACTIVITY: Resolution of Forces 

how can one force be separated into two forces? 

The force of the wind against the surface of a kite seems to be 

EFFECTIVE IN TWO DIRECTIONS. It PRODUCES A VERTICAL LIFT AGAINST 
GRAVITY, AND AT THE SAME TIME, PART OF THE FORCE OF THE WIND IS 
EXERTED IN A HORIZONTAL DIRECTION. ThIS FORCE TENDS TO DRAG THE 

kite with the wind. 
Procedures: 

The simple crane in Fig, 1 produces two forces at B which conbine 
to support the weight w. 

1. What is the direction of the force exerted by tic cord at B? 
From to 

2* Is THE boom AB under tension or compression? 

3. What is the direction of the force exerted by the boom at B? 
From to 

The force of the boom can be replaced by a spring balance attached 

AT B AND ACTING PARALLEL TO THE BOOM. 

By means of the parallelogram method, it is possible TO COMPUTE 
THE FORCES EXERTED BY W ON THE SUPPORTING PARTS OF THE CRANE. 

Set up the apparatus so that the boom AB (Fig. 1) is horizontal. 
Hang a 500-G weight on the end of the boom. Record the reading of 
the balance C. Measure angle ABC carefully. If a large protractor 
is not available, place a large v'^iece of paper against the crane 
and accura;atly mark the size ok angle abc. 
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On a shect or notebook paper^ construct this angle (Fig* 2)* 
Extend the line WB vertically upward* On this li 4E^ mark off a 

DISTANCE FROM B TO REPRESENT THE WEIGHT W. ChOOSE A SCALE TO 

represent w as large as is convenient for your paper. 

Record on the paper the scale you used« Call this line BW'. 
bw* is the resultant force. 

k. bw* is what part of the parallelogram you are going to construct? 

Extend AB. Through W» construct lines W'A» and W'C parallel to 
bc and ba, respectively. measure bc' and ba' and apply the same 
scale as you used in drawing bw* . record the size of the force each 
line represents. 

Attach a spring balance to the end B of the boom and pull out 
horizontally until the £n0 a of the boom uust leaves the support* 
Note the balance reading* 

5. How DOES IT COMPARE WITH THE FORCE BA« THAT YOU COMPUTED? 

In the SECOND TRIAL^ FASTEN BALANCE C TO ANOTHER POSITION SO. 
THAT THE BOOM AB IS RAISED ABOVE THE HORIZONTAL. USE THE SAME 
WEIGHT AND REPEAT THE PROCEDURE ABOVE* 



DATA 





J 


First Trial 


Second Trial 


Weight 





G 1 


G 


Balance reading cf 


FORCE Bcj 


G 


0 


Computed force BC* 


J 


G 




Balance reading of 


FORCE BA' 


G 




Computed force BA» 




G 





Discussion : 

1. A ladder leans against a wall. Show by a diagram the direction 

OF THE COMPONENTS OF THE FORCE OF THE LADDER AGAINST THE WALL. 



2. A STREET LAMP WEIGHING 60 LB IS SUSPENDED IN A CRANE SIMILAR TO 
THE ONE YOU USED. If ANGLE ABC IS ^5^, WHAT ARE THE FORCES IN 
AB AND BC? 

/ 



3. What advantagk is there in supporting a lamp by a crane of this 

TYPE RATHER THAN BY A SINGLE HORIZONTAL ARM?.. 

LIST SEVERAL OCCUPATIONS THAT WOULD NEED TO BE ACQUAINTED WITH 
THE OBJECTS IN THIS INVESTIGATION. 
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MOTION 
Level: HighSSchool 



ERIC 



ACTIVITY: How do we Calculate the Escape Velocity or a Rocket? 
Some of our earth satellites have "escaped" from the earth to 

CO INTO ORBIT AROUND THE SUN. YeT WE LEARN FROM OUR EQUATION FOR 
GRAVITATIONAL FORCE BETWEEN TWO BODIES THAT THE INFLUENCE OF GRAVITY, 
THOUGH IT MAY BECOME VERY WEAK, EXTENDS INDEFINITELY INTO SPACE. 

What does it mean, then, for a satellite to "escape"? 

U It HAS BEEN found THAT ANY TWO MASSES ATTRACT ONE ANOTHER WITH 
a(n) FORCE. It IS THIS FORCE THAT KEEPS THE 

IN ORBIT AROUND THE EARTH AND THE EARTH IN ORBIT 



AROUND THE 



2. We have seen that the equation by which we can calculate this 
force is given ^y 

where m and m are the two j « 



AND 6 IS THE GRAVITATION CONSTANT WHOSE VALUE IS 

newton*meter2 per kilogram^* 



3. The potential energy of a mass in the gravitational field of the 

EARTH WAS EARLIER CALCULATED ON THE ASSUMPTION THAT THE FORCE 
DID NOT CHANGE VERY MUCH. IF OUR DISTANCE FROM THE CENTER OF 
THE EARTH CHANGES, THIS ASSUMPTION WILL NO LONGER BE VALID. ThE 
METHOD OF CALCULATING THE POTENTIAL ENERGY WHEN THE FORCE VARIES 
IS BEYOND THE MATHEMATICAL LEVEL OF THIS COURSE. To MAKE THIS 
CALCULATION EASIER, IT TURNS OUT THAT WE SHOULD PLACE OUR ZERO 
OF POTENTIAL ENERGY AT INFINITY. SiNCE AN OBJECT CLOSER TO THE 
EARTH IS GENERALLY SAID TO HAVE LESS POTENTIAL ENERGY, THIS MEANS 
THAT ANY OBJECT AT A FINITF DISTANCE MUST HAVE A NEGATIVE POTEN- 
TIAL ENERGY (since THE POTENTIAL ENERGY AT INFINITY IS ZERo). 

If we ESTABLISH OUR ZERO OF POTENTIAL ENERGY AT INFINITY, 
THE POTENTIAL ENERGY AT ANY POINT IN THE GRAVITATIONAL FIELD 
IS THEN GIVEN SY A VERY SIMPLE EQUATION: 

Ug = • ^ 

R 

Jhc minus sign indicates that a body (gains, loses) 

POTENTIAL ENERGY AS IT FALLS TOWARD THE ^ARTH (r BECOMES SMALLER )i 

When a body falls from infinity to a distance r from the earth's 

CENTER, THERE IS A TOTAL (gAIN, LOSs) OF POTENTIAL 

ENERGY EQUAL TO GMm/r. FoR THE BODY TO RISE AGAIN FROM R TO 

INFINITY, IT MUST (ACQUIRE, GIVE UP ) THE SAME 

AMOUNT OF POTENTIAL ENERGY. 

k. When a rocket begins its journey, it has a large amount of 

^energy. But the higher it goes, the greater its 

e nergy becomes^ Some of the energy it 

HAD during the EARLY PART OF ITS FLIGHT IS TRANSFORMED INTO 

18Z 



ENERGY AS IT GETS FARTHER FROM THE EARTH* WhEN 



ALL THE KINETIC ENERGY HAS BEEN TRANSFORMED TO POTENTIAL ENERGY^ 
IT WILL STOP. 

If we WANT IT TO "ESCAPE," WE MUST PROVIDE ENOUGH KINETIC ENERGY 
ON THE TAKE-OFF SO THAT IT CANNOT ALL BE TRANSFORMED INTO POTEN- 
TIAL ENERGY EVEN fF THE CRAFT TRAVELS TO INFINITY. ThIS MEANS 

THAT , 

1 MV2 . ^ 

2 R 

MUST ALWAYS BE GREATER THAN ZERO. If WE SET THE ABOVE EXPRES- 
SION EQUAL TO ZERO, WE WILL HAVE THE MTnIMUM CONDITIONS WHICH 
WOULD PERMIT THE ROCKET TO REACH AN INFINITE DISTANCE, In THIS 



CASE, WE WOULD THEN HAVE 
WHICH, UPON SIMPLIFICATION, GIVES US 



1 2 ^ 



v2 = 2^ 

AND;, R 
SUBSTITUTING IN THIS EQUATMON, WE HAVE 

^2 ^ (2) (6.67 X 10^^] (6 X 10^^) 

6.38 X 10^ v2 = 1.26 X 1Cl3 m2/sec2 

V = 1.12 X 10^ m/sec 



An object which leaves the earth with this velocity WILL 
ALWAYS be able TO OUTRUN THE DECELERATION PRODUCED BY THE EARTH^S 
GRAVITY. We call THIS THE ESCAPE VELOCITY. 

Notice that we have assumed there are no other factors to 
consider such as the possible effect of the moon or the sun and 

THE friction OF THE ATMOSPHERE. 

6. What is the escape velocity^for a rocket leaving^the surface 

OF THE MOON (m = 7.3'* X lO^KG AND R = 1.74 X 10^ m)? 



Ans, 



7. If a rocket does not escape but goe;s into orbit^ it sometimes 

LOSES ENERGY THROUGH FRICTION OF THE ATMOSPHERE AND "fALLS In" 
CLOSER TO THE EARTH. YoU MIGHT EXPECT THAT THE RESISTANCE OF 
THE ATMOSPHERE WOULD SLOW THE ROCKET DOWN, BUT WHAT ACTUALLY 

HAPPENS is THAT THE VELOCITY OF THE ROCKET A S IT 

FALLS CLOSER TO THE EARTH. ItS ENERGY IS THERE- 
FORE INCREASING, BUT ITS ENERGY IS, HOWEVER, 

DECREASING. ThE LOSS O F ENERGY IS GREATER THAN 

THE GAIN OF ENERGY. ThE DIFFERENCE IS CONVERTED 

INTO OF THE ROCKET AND THE ATMOSPHERE. 



Proclem Summary: A rocket is said to have escape velocity when its 

VELOCITY IS SUFFICIENT TO ALWAYS OUTRUN TH E PRODUCED BY 

THE GRAVITY OF THE EARTH. WHAT TYPES OF CAREERS WOULD FIND THIS USEFUL? 



MOTION 
Level: HiGH School 



ACTIVITY: Analysis of Momentum 
Materials (per team): 

Track with force mechanism 8 marbles of the same weight 

2 STEEL BALLS ShEET OF TRACING PAPER 

Sheet of carbon paper 
Procedures: 

A. Make sure the track is level. Place a marble in the groove about 
5 CM from the launching point. Launch a second marble with a 

MEASURED AMOUNT OF FORCE. RECORD THE SETTING USED ON THE FORCE 
MECHANISM AND THE REACTION THAT OCCURS BETWEEN THE 2 MARBLES* 

B. Place 5 marbles in the middle of the grooved track so that they 

TOUCH EACH OTF£R» LAUNCH A MARBLE WITH THE SAME FORCE SETTING 

USED IN Procedure A. Record the effect on the 5 marbles^ 

C. Place 5 marbles in the middle of the grooved track as in Pro- 
cedure B. ShCOT 2 MARBLES AT THE SAME TIME AND WITH THE SAME 
FORCE SETTING USED BEFORE. RECORD THE EFFECT ON THE 5 MARBLES. 

Repeat this procedure shooting 3 marbles at the same ''■iHE, and 

RECORD THE EFFECT ON THE OTHER FIVE. 

D. Place a marble in the middle of the grooved track. Shoot one 

OF THE STEEL BALLS WITH THE SAME FORCE SETTING* RECORD YOUR 
RESULTS. 

Interpretations: 

1. v/hat happened to the momentum of the marbles launched in pro- 
cedures a, b, and c? 

2, as a result of the collisions, how did the change in momentum 
of the steel ball in procedure d compare with the change in 
momentum of the marbles that were launched in procedures a, b, 

AND C? 

Problems : 

1. Carefully study the results of each procedure. Recall that 
momentum is a property of a moving object and is equal to the 
mass of an object times its speed. from the results of the ex- 
peri menti> you have performed, state a general law about momentum. 

2. From your observations, predict what will happen if a steel 
ball is placed in the middle of thc track and a marble is 
launched at it* record your prediction. 
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Procedures : ( cont i nued } 

E» Place a steel ball in the middle of the track^ and launch a 

MARBLE AT IT, OBSERVE THE Q I RECTI ON OF MOTION OF EACH AFTER 
THE COLLI S|ON« ROUQHLY COMPARE THE SPEED OF THE MARBLE BEFORE 
AND AFTER THE COLLISION, 

F« In previous procedures^ the directions in which the marbles and 

STEEL BALLS MOVED AFTER COLLISION WERE LIMITED BY THE TRACK* 
In THIS PROCEDURE THE STEEL BALLS WILL BE FREE TO MOVE IN ANY 
DIRECTION ON A TABLE TOP AFTER THEY COLLIDE* PLACE THE CARBON 
PAPER ON THE TABLE^ CARBON SIDE UP^ AND LAY THE TRACING PAPER 
OVER IT. The weight of each ball will leave A TRACK ON THE ' 
BOTTOM OF THE TRACING PAPER* ROLL THE STEEL BALLS TOWARD EACH 
OTHER— ONE FROM EACH HAND* TrY TO RELEASE THE BALLS IN SUCH A 
WAY THAT THEY HAVE APPROXIMATELY EQUAL SPEED. MAKE SKETCHES 
OF SEVERAL COLLISIONS^ USING CIRCLES TO REPRESENT THE STEEL BALLS 
AND ARROWS TO INDICATE THEIR MOVEMENTS* USE INK TO DRAW THE 
CIRCLE AND ARROW TOR ONE BALL* USE PENCIL TO DRAW THE CIRCLE 
AND ARROW FOR THE OTHER BALL« 

Interpretat I ONS : ( cont i nued } 

3* What three factors seem to determine the results of the collisions 

YOU OBSERVED IN PrOC£DU:?E E? 

\. In the ANALYSIS OF MOTION^ IT 3S NOT ENOUGH TO KNOW THE SPEED 
OF AN OBJECT. YOU MUST ALSO KNOW THE EXACT DIRECTION IN WHICH 
AN OBJECT IS MOVING* ThE CCMBINATION OF SPEED AND DIRECTION 

IS VELOCITY* In Procedure F could you predict what direction 

EACH BALL WOULD TAKE AFTER THE TWO COLLIDED? 

As LONG AS YOU LIMIT THE DIRECTION OF MOTION WITH A TRACK, IT 
IS FAIRLY EASY TO PREDICT THE RESULT OF A COLLISION* WITHOUT THE 
TRACK THE OBJECTS HAVE GREATER FREEDOM OF MOVEMENT, AND THE MATHE- 
MATICS BECOMES COMPLICATED, / 



Problems: (continued) 

3. Suppose that an auto and a large^ heavily-laden truck are each 

TRAVELING AT MILES PER HOUR, V/h I CH WOULD HAVE THE GREATEST 

change in direction and speed if they were to collide head-on? 
Base your ansv/er on youp previous investigation of the collision 
between a marble and a steel ball. 
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MOTION 
Level: High School 



ACTIVITY: Acceleration and Measuring Acceleration 

If you stop a bicycle at the top of a hill and then start coasting 
down the hill, you will experience a constant increase in speed. This 

MIGHT MAKE YOU WANT TO SLOW DOWN BY USING THE BRAKES. WhEN YOU ARE 
ON THE HILL GRAVITY CAN CAUSE YOUR SPEED TO INCREASE OR DECREASE; 
FRICTION CAN CAUSE IT TO DECREASE. 

A BALL ROLLED UP A HILL DOES NOT MOVE AT A STEADY SPEED AND THEN 
SUDDENLY STOP. It WILL GRADUALLY SLOW DOWN, STOP, AND THEN START 
ROLLING BACK DOWN THE HILL. UCKiNG BRAKES, THE BALL WILL CONTINUE 
INCREASING IN SpEED UNTIL IT REACHES THE BOTTOM OR UNTIL SOMETHING 
STOPS IT. 

It is difficult to determine the speed of a ball rolling down a 

HILL AT ANY ONE INSTANT OF TIME. In THE NEXT INVESTIGATION YOU WILL 
ATTEMPT TO DETERMINE THE AVERAGE SPEED OF A BALL FOR DIFFERENT IN- 
TERVALS OF TIME, WHILE IT IS ONE THE SLOPE. FroM THESE AVERAGES 
YOU CAN DETERMINE THL ACCELERATION OF THE BALL. 

MEASURING Acceleration 

Study the directions CA«ruuLY, before beginning the investigation. 
Your results can be accurate only if each person on your team does 
his job carefully. 



Materials: 
Track 

Masking tape 

Strip of paper (as long as the track) 
Timer 

Graph paper 



Marking guide (card with small 

HOLE IN it) \ 

Steel ball or marble ^ 
Metric ruler 
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Procedures : 

A. Set the track^ at a slope of about 5/1OO. 

B. Tape the marking guide to the table near the raised end of the 
TRACK. Slide the strip of paper under the marking guide. 

C. Have one member of your team put the ball at the top of the 
track and hold it \n position with a pencil. Have another team 

MEMBER GRASP THE END OF THE STRIP OF PAPER AND MOVE IT UNTIL 
IT IS EVEN WITH THE BALL. START THE TIMER AND RELEASE THE BALL 
AT THE INSTANT THE TIMER CLICKS. PRACTICE SLIDING THE STRIP OF 
PAPER ALONG THE TABLE SO THAT ITS END STAYS EVEN WITH THE BALL 
ROLLING DOWN THE TRACK. 

D. Now HAVE ANOTHER TEAM MEMBER PRACTICE MARKING THE MOVING PAPER 
STRIP THROUGH THE HOLE IN THE MARKING GUIDE. USE A BALL-POINT 
PEN, AND PRACTICE TAPPING THE STRIP IN TIME WITH EACH CLICK 

OF THE TIMER. 

E. When you have practiced enough to make your results dependable, 

TURN OVER THE PAPER STRIP AND MOVE IT INTO STARTING POSITION. 

Have the marker begin tapping the paper through the hole in 

TIME WITH THE CLICKS. ThIS WILL MARK THE BEGINNING POINT FOR 
YOUR RECORD. WHEN THE BALL IS RELEASED AND THE STRIP OF PAPER 
is' PULLED, THE MARKS ON THE PAPER WILL BE SEPARATED BY THE DIS- 
TANCE THE BALL 'HAS MOVED BETWEEN CLICKS. 
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F« Measure and record the distances between marks. 



Interpretations: 

U Since the time interval tor each distance you measured is one 

CLICK^ THE AVERAGE SPEED TOR THAT INTERVAL IS NUMERICALLY 
EQUAL TO THE DISTANCE. ^ 

AVERAGE SPEED = DISTANCE BETWEEN MARKS 

1 CLICK 

Record the average speed for each time interval carefully. 

2. Prepare a graph or your data. Plot the average speeds on the 
vertical axis and the time intervals on the horizontal axis* 

3. Study the graph. Does the speed iNCREifSE^ by the same amount 

FROM ONE TIME INTERVAL TO THE NEXT? 

4. Ir THE AMOUNT OF CHANGE FROM ONE TIME INTERVAL TO THE NEXT IS 
RELATIVELY CONSTANT, WHAT IS THE AVERAGE CHANGE IN SPEED PER TIME 

INTERVAL? What is the acceleration? 

5. Compare your graph with the graphs prepared by other teams. 
Describe and explain any similarities and differences. 

6. If the slope was increased, what would be the effect on the 
acceleration? 
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MOTION 
Level: High School 



ACTIVITY; Gravitational Force 
Problem: 

is gravitational acceleration the same for all falling bodies re* 
gardless of their mass? 

Materials : 

Twenty iron washers String 

Paper clip Stop watch or any watch with 

a sweep second hand. 

Procedure: 

Tie the paper clip to one end of the string and slip 10 washers 

ONTO THE STRING. HaNG THE STRING SO THAT IT IS AT LEAST A METER 
LONG BETWEEN THE POINT OF SUSPENSION AND THE WASHERS. SET THE 
WASHERS SWINGING AS A PENDULUM; TIME TEN PERIODS. (A PERIOD IS THE 
TIME REQUIRED FOR THE WASHERS TO SWING THROUGH AN ARC AND BACK AGAIN 
TO THE RELEASE POINT.) CALCULATE THE PERIOD OF THE PENDULUM. RE- 
PEAT THE EXPERIMENT BUT RELEASE THE WASHERS FROM A OlFFERENT HEIGHT 
THAN BEFORE. Sl I P THE REMAINING WASHERS ONTO THE STRING AND REPEAT 

the experiment to determine the period when the greater mass is used. 
Observations: 

1. The period of the pendulum with 10 washers (Trial 1) 

2. The period of the pendulum with 10 washers (Trial 2) 

3. The period of the pendulum with 20 washers (Trial I) 
k. The period of the pendulum with 20 washers (Trial 2) 
Interpretation: 

1. If there were no force of gravity, what would happen when the 
washers are released at the top of their swing? 

2. What causes the pendulum to swing? 

3. Has the period of the pendulum been affected by changing the 
mass? 

Continuing the Investigation: 

Vary the length of the pendulum and again determine the period. 

Is THERE ANY CHANGE? Is THE PERIOD OF THE PENDULUM DIRECTLY OR 
inversely proportional to its length? If the length IS HALVED, 
HOW IS THE PERIOD AFFECTED? HOW LONG WOULD A PENDULUM BE, WHICH 
COULD BE USED AS A TIMING DEVICE, WITH A PERIOD OF 1 SECOND? 

(Record your observations in the space available below and on the 

FOLLOWING page; SHOW ALL YOUR CALCULATIONS.) 

How WOULD THIS INVESTIGATION TIE IN WITH THE FOLLOWING CAREERS? 
A PILOT, AN AIRCRAFT DESIGNER, CONTRACTOR, SPACE TECHNOLOGY, PLUMBER, 
AND AERIAL DIVER? 
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PHYSICS - ENERGY - OPTICS & WAVES 



Artist & Uy Out Men (advertising) 

Astronauts 

Dentist 

Engineer 

Interior Design & Decoration 

Optometrist 

Physician 

Radio & TV Announcer 
Elementary Teacher 
Technical Writer 
X-Ray Technician 
Farming 

Instrument Repairer 

Optical Mechanics 

Glazier 

Painter 

Brakemam 

Lithographic Occupation 
Power Plant Operator 



Architects 
Physical Chemist 
Engineering Technician 
Geophysics 
Merchant Marine 
Photographer 
Physicist 
Surveyor 

Teacher secondary-college 

Veterinarian 

Radiologist 

Instrument Maker 

Optician 

TV & Radio Technician 
Paper Hanger 
Signal Maintaincr (RR) 
Broadcast Technician 
Picture Projectionist 



ERLC 
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ENERGY: (LIGHT-OPTiCS) 



L£Ve:l: Junior High 



ACTIVITY: Observing Pathways or Light 



Materials: (per team) 

Ruler or straightedge 

small flat-sided clear bottle, with cap 

w;ter 



COIN 

FLAT-BOTTOMED CUP ( OPAQUE ) 
LENSES, 2 



Procedure: 

A, Look at a coin or some other small object on your worktable. 

You ARE ABLE TO SEE IT BECAUSE LIGHT FROM A SOURCE IS REFLECTED 
FROM THE OBJECT TO YOUR EYE* Jn YOUR NOTEBOOK MAKE A SKETCH 

showing the path you think light takes from the source to the 
object to your eye. 

Interpretations: 

1. Suggest a test to prove that light, makes it possible for you 
to see the object. 

Z. Does All the light leaving the coin come to your eyes? 
Explain your answer, 

3, do you think that light from the co i n follows a straight 

PATH OR A BENT PATH AS IT TRAVELS TO YOUR EYE? 

Procedures : 

b, sight at the co i n along the edge of a ruler. have one of 
your teammates v,l ew this procedure from the side. 

Interpretations: 

Does the ruler point directly at the coin? 

5. is the path of light traveling from the coin to your 5ye a 
straight one? 

Procedures: 

C. Draw a straight line on a piece of paper. Fill the small 



BOTTLE WITH WATER, AND CA? IT. LaY THE BOTTLE ACROSS THE LINE. 

Look at the line from several different angles and positions. 



Interpretations: 

6. Describe the appearance of thc line. Does light trom the 
line foulow a stra r cht patk through the bottle and the air? 
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Procedures: 

0« Place: a small coin in the: cup* Put the: cup on the de:sk« 
The:n slowly move back just far enough so that you can no 
longer see the coln« remain at this position watching 
the top of the cup while another member of your team very 
slowly pours water into it. sight at the coin in the cup 
along the edge of your ruler* have a teammate observe from 

THE SIDE. 

Interpretations: 

7* Describe and explain what you observed in Procedure 0« 

8. What does this tell you about the pathway of light? 
Procedures; 

E« Darken the room^ leaving onc shade slightly open« Stand 
near the window with a lens and sheet of paper» hold the 
lens between the wlndcw and the paper. move the /.ns back 
and forth until the image of an object outside^ such as a 
tree, is focused on the paper. 

Interpretatjons: 

9. Describe the appearance of the image on the paper. 
Procedures : 

F. Examine the two lenses and determine which one makes the 
print on this page appear larger. Hold the lens of greater 
magnification near your icye. hold the other a little farther 
away, in linc with the closer lens. move the weaker len?^ 
away from you slowly until you see the image of some object 

IN FRONT OF YOU IN FOCUS. ThIS IS THE WAY A TELESCOPE WORKS. 

Interpretations: 

10. Describe the image obtained in Procedure F. 

11. In what ways are lenses and water similar in their effects 

ON LIGHT? 




ENERGY (LIGHT-OPTICS) 
Level: Junior High & Above : 

ACT4VITY: Activities with Light Interference 

Materials: Part 1 - oil Part 2* wire frame^ 

/ flat dish SOAf> 

Part 3 

2 pieces of flat glass . 
Mercury vapor lamp ^\ 

Procedures: 

I 

1. Place a drop of oil on the surface of water contained in 
a flat dish and allow the oil to spread over^ the surface 
of the water • observe the color fringes tmt occur when 

ILLUMINATED BY WHITE LIGHT (sUCH AS SUNLIGRT). InTERFER- 
CNCE BETWEEN THE WAVES OF A CERTAIN COLOR MAY ELIMINATE 
THAT COLOR FROM THE REFLECTED LIGHT SO THAT INSTEAD OF 
WHITE LIGHT BEING REFLECTED^ THE EYE WILL RtCElVC WHITE 
LIGHT MINUS THIS CERTAIN COLOR* If BLUE LIGHT IS ELlM«» 
INATED, THEN THE COLOR REFLECTED TO THE EYE WILL APKAR 
YELLOW. In a darkened room try REFLECTING A M0N0CHR0« 
MATIC LIGHT FROM THE OlU FiUi AND 4iOTZ ggg^^ HoW 

IS IT OlFFERENT FROM THE WHITE LIGHT EXPERIMENT? 

Z. Blow a soap bubble or allow a film of soap solution to 

FORM ON A STRETCHA8LE WIRE FRAME. NOTICE THE COLOR 
FRINGES DUE TO REFLECTION FROM THE FRONT AND REAR SUR«* 

FACES. Also, notice that, as the film thins out, the 
, color tends to disappear completely. 

3. Place together two flat pieces of glass, such as plate 
glass, on a level surface and allow light from a mer«* 
cury vapor lamp to be reflected from the glass to the 
EYE. There will be enough irregularity in the two sur- 
faces TO GIVE the NONPARALLEL FACES NEEDED TO SHOW 

Interference. Note the resulting fringes. Apply 
pressure to one or the other edges and note any change 
in the fringe pattern. rotate the glass on the surface 
and watch for additional changes. 
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ENERGY: OPTICS 
LrvEL : High School 



ACTIVITY: The Color or Objects 
Problem : 

The color of any object we see oepenos on the colors of light absorbed 
ano reflecteo by thr object. how 00 olfferent colors of light falling 
on an object affect the colors we see? 

Investigation : 

a box with a viewing hole ano a light socket into which olfferent 

COLOREO LIGHT BULBS CAN BE PLACEO IS ARRANGEO* ThE EFFECTS OF OlFFER- 
ENT COLOREO LIGHTS ON VARIOUSLY COLORED OBjEC c PLACEO IN THE BOX 
ARE GIVEN IN THE TABLE BELOW% 



Color of 


Color of , 


Color seen 


Light bulb 


Object 


BY THE Eye 


WHITE 


GREEN 


GREEN 


BLUE 


RED 


BLACK 


REO 


GREEN 


BLACK 


YELLOW 


WHITE I 


1 YELLOW 


GREEN 


BLACK ^ 


BLACK 



Interpreta tion : 

accoroing to'the results given in the jable, mark each of the 
following statements true, false» or not proved in the space provioed. 

k a white object in yellow light reflects the yellow 
light waves. 



2. A GREEN OBJECT IN YELLOW LIGHT ABSORBS THE BLUE 
LIGHT WAVES', 



3% A RED OBJECT |N BLUE LIGHT REFLECTS THE REO LIGHT 
WAVES. 



k. A BLACK OBJECT IN WHITE LIGHT ABSORBS ALL THE LIGHT 
WAVES ♦ 



5» A GREEN OBJECT IN REO LIGHT REFCECTS ThZ RED LIGHT 
WAVES* 



6« A BLACK OBJECT |N BLUE LIGHT ABSORBS THE BLUE LIGHT 
WAVES. 

7* A RED OBJECT IN GREEN LIGHT REFLECTS THE YELLOW 
LIGHT WAVES* 



8. 



A BLACK OBJECT IN GREEN LIGHT REFLECTS THE GREEN 
LIGHT WAVES* 



9. A GRE.EN OBJECT IN WHITE LIGHT REFLECTS THE GREEN 
LIGHT WAVES « 

10« A RED OBJECT IN BLUE LIGHT ABSORBS THE BLUE LIGHT 
WAVES • 



Application: 

1. Explain why it is wise to examine the color of a suit or dress 
being purchased in sunlight rather than under the store lights 
in order to see the true color of the cloth. 



2% What careers would need to be concerned with viewing objects 
or items in quality light? 



ELECTRICITY 
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PHYSICS - ENERGY - ELECTRICITY 



Architects 
Astronomer 
Physical Chemist 
Dentist 

Engineering Technician 

Engineer 

Geophysics 

Ground Radio Operator 
Kg)iCHANT Marine 

Physician ^ 
Physicist 

Elementary Teacher 
Teacher secondary-college 
Technical Writer 

VETER^NARlA^: 

X-Ray Technician 
Radiologist 
Computer Operators 
Telegraphers 
Telephoner 

Tower Operator (R» R.) 
Auto Parts Man 
Building Custodian 
Jeweler 

Radio & TV Announcer 
Watch Repairman 

Central Office Craftsman (telephone) 

Electrical Repairman 

Lineman 

Telephone Repairman 

Airplane Dispatcher 

Broadcast Technician 

Gasoline Service Station Attendant 

Locomotive Engineer 

Meter Man-Woman 

Photo Engraver 

Stationary Engineer 

Taxi Driver 

Truck Driver 



FBI Agent 

Policeman-Woman 

Stewardesses 

Farm Crop Production Technician 
Dairy Production Technician 
Farming 

Fish Culture Technician 
Livestock Production Technician 
Soil Scientist 
Electroplater 

Air Conditioning & Refrigeration 

Mechanics 
Aircraft Mechanics 
Auto Mechanic 
Diesel Mechanic 
Farm Equipment Mechanic 
Flight Engineer 

Industrial Maintenance Mechanic 
Instrument Maker 
MACHiNE-^ooL Operators 

MiLLRlCHT 

Office Machine Repairman 

Appliance Serviceman 

Instrument Repairer 

Jeweler Repair 

TV & Radio Technician 

Carpenter 

Telephone Installer 

Elevator Repairman 

Signal Maintainer 

Welder 

Brakeman 

Electro Typers 

Truck Driver (warehouse) 

Apprentice Engineer 

Projectionist ^ 

Power Plant Operator 

Boiler Fireman 

Power Dispatcher 
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ENERGY: ELECTRICITY 
L£V£l: Junior High 



ACTIVITY: How Can Resistance be Useful in Electrical Appliances? 



Procedure: 

A. Push the ends of two electrical wires through the two holes 

OF A RUBBER STOPPER THAT FITS THE GAS BOTTLE OPENING, (A 
CORK STOPPER 'MAY BE SUBSTITUTED,) REMOVE INoOLATlON FROM 
THE ENDS OF THE WIRES, 

B. Connect the switch and the two dry cells in series. 

C, Take THE short piece of thin copper wire and twist it around 
the ends of the two wires you pushed through the stopper. 
Place the stopper in the bottle and close the switch. 
Observe what happens and record the results in the table 

BELOW. 

D, Repeat step C using a thicker piece of copper wire. 

£♦ Repeat step C using one strand taken from ordinary picture- 
hanging WIR£« 

F, Repeat step C using nichro»me wire* 
WHAT DO WE SEE? 

Check your observation for each material. 



Materials : 



2 dry cells 4" 

3 ft. insulated electrical wire 4" 
gas collecting bottle ^" 
two-hole rubber stopper ^" 
Switch 



or thick copper wire 
OF thin copper wire 

OF N I CHROME WIRE 
STRAND OF PICTURE- 
HANGING WIRE 




Did Wire Glow? 



Yes 



Thick copper wire 



Thin copper wire 



Picture wire 



Nichrome wire 




p 



WHAT DO WE LEARN? 

U Did the thin copper wire get hotter than the thick copper 
WIRE? Explain^ 



2. Did all of the materials tested give the same resistance? 

How DO you KNOW? 



Of the copper, picture wire, and NICHROME, which DO YOU THINK 
IS THE BEST FOR WIRING A TOASTER? WhY? 



k. The thin filament of an electric light bulb must get white- 
hot TO GIVE^LIGHT» SHOULD THE FILAMENT BE ONE Wl-TH A GREAT 
DEAL OR VERY LITTLE RESISTANCE? 
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ELECTRICITY 
Level: High School 



ACTIVITY: Strength of a Magnetic Field 
Problem : 

a magnet is surrounded by a field of force known as a magnetic 
FiELD^ What happens to the strength of the magnetic force AS the 

DISTANCE FROM THE MAGNET IS INCREASED? 



Materials': 
Ring stand^ 
Ring stand qlamp 

3" GLASS microscope SLIDES, 



2" ring stand ring 
u-magnet or bar magnet 
Steel paper clips 



Procedure: 

Support the magnet with the clamp so that it is positioned over 

THE RING, AS SHOWN IN THE DIAGRAM* PLACE A GLASS SLIDE OVER THE 
RING AND GENTLY LOWEft THE MAGNET SO THAT THE END RESTS SQUARELY ON 

THE SLIDE* Tighten the clamp to hold the Siagnet steaov:. Place 

TWO PAPER CLIPS HOOKED END-TO-ENO UNDER THE SLIDE SO THA"r\THEY ARE 
SUPPORTED BY THE MAGNETIC FORCE. NoW, CAREFULLY ADD PAPER CLIPS ONE 
AT A TIME UNTIL THE WEIGHT IS TOO HEAVY TO BE SUPPORTED,^ PLACE A 
SECOND SLIDE ON TOP OF THE FIRST, POSITION THE MAGNET AGAIN, AND 
REPEAT THE EXPERIMENT. .RECORD THE TOTAL NUMBER OF CLIPS SUPPORTED 
AS THE DISTANCE IS INCREASED 1 MM AT A TIME (tHE APPROXIMATE THICK- 
NESS OF EACH $LIDE) IN THE TABLE. / 



F 


0 


0 


F 


R 




C 


P 


E 


A 




P 


1 


E 


N 


R 


W 


C 


E 


L 


i 


1 


G 


' P 


H 


S 


T 





10 

9 

8 

7 
6 

5 

k 

3 

2 
1 

0 



i 


\ 


1 

■ < 




1 








^ i 


! 1 


1 
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Observations: 

FlUU IN THE RESULTS OF THE EXPERIMENT IN THE TABLE BELOW. 



Number of Slides 


Distance from Magnet 
IN millimeters 


Number or Paper 

CLIPS SUPPORTED 


1 






2 








3 


1 — - — - — - 


/ 


k 






' 5 ' 


1 , 




6 




7 1 




8 




9 








' 10 








! . 








1_ 1! - 


1 







Interpretation: 

Make a graph showing the relationship between the distance- from 
the magnet ano the strength of the magnetic field. 

Applications: 

U What industries would be concerned with magnetic fields? 
2. Can you think of several occupations' that would need to know 

HOW A magnetic FIELD BEHAVES? ^ 

> 



ELECTRICITY 
Level: High School 



ACTIVITY: A Radio Receiver 
Problem: 

If you have examined the inside of a radio receiver, you know that 

it appears very complicated* how is a simple radio receiver assembled? 



Materials: 

Fine copper insulated wire 
50 feet of bare copper wire 
Radio tuning condenser 
Wiring clips 



Heavier copper insulated wire 

EMPTY ROUND "oATMEAL'* BOX 

Germanium diode crystal 
Earphones 



Procedure: , I 

Wind 6o torns of fine, insulated wire around the "oatmeal" box to 

MAKE AN ANTENNA COlL. FASTEtl THE ENDS OF THE WIRE WITH TAPE, BUT 

leave the leads long eno'ugh to connect the* coil to the other parts. 
Assemble the parts and connect them together, us^ing the heavier wire, 
AS SHOWN. The banded end of the diode crystal must be attached as 

SHOWN* a 50-FOOT BARE COPPER WIRE WILL SERVE AS AN ANTENNA TO LET 
YOU TUNE IN ON MOST LOCAL STATIONS BY ADJUSTING THE TUNING^ CONDENSER. 




18^ 

Observations: 





Why is an antenna coil needed? 




2. 


What is the purpose of the tuning condenser?^ ^' 


/ 


3- 


What part of the radio wave does the germanium crystal 


SEPARATE OUT? 


k. 


On what kind of current does the earphone operate? 




5. 


What is the source of e»;^ergy which operates this radio 


RECEIVER? 



Interpretation: 

The FOLLOwirjiG statements describe thz ope.^aticn of a crystal, diode 
RECEIVER. Complete ea-ch statement by writing the correct word in 

THE SPACE AT THE RIGHT. 



1. The sendi^ng station' sends out modulated radio 

WAVES' which carry A PATTERN. 



2. The radio waves which follow the curvature of 

THE EARTH ARE CALLED WAVES. 



3. The receiving ^picks up the 

radio signals moving through space. 

4. The antenna coil petermines the 

of the radio waves that can be received. 

5. The CONDENSER SEPARATES THE 

SIGNALS FROM DIFFERENT STATIONS. 

6. The ^CHANGES THE INCOMING 

alternat:ng signal into direct current. 
The """"^ EARPHONE vibrates 

TO PRODUCE THE SOUNDS YOU CAN HEAR. 



Application: 

1. Although this crystal receiver operates without batteries, why 
DO transistor receivers, which also use semiconductor crystals, 

NEED A SMALL BATTERY TO OPERATE? 



2. Today with our world-wide systems of communication there Is a 

GREAT NEED FOR SPECIALISTS IN RADIOS, TELEGRAPH, RADAR, TELE- 
VISION, AND NAVIGATIONAL AIDS. WHAT OTHER RELATED CAREERS CAN 
YOU THINK OF THAT WOULD NEED TO UNDERSTAND BASIC CONCEPTS IN 
RADIO? 
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PHYSICS • ENERGY - HEAT 



Arch;tects 

Physical Chemist 

Engineering Technician' 

Geologist 

Merchant Marine 

Pharmacist 

Physicist 

Teacher secondary-college 
Veterinarian 

RAOlOLOGtST 

Fireman - 
Plumber & Pipe Fitter 
Sheet Metal Worker 
Brakeman (train) 
Power Plant Operator 
Agribusiness Technician 
Farming 

Fish Culture Technician 
Livestock Production Technician 
Soil Conservationist 
Air Conditioning & Refrigeration 

Mechanics 
Aufo Mechanics 
Farm Equipment Mechanic 
Industrial Maintenance: Mechanic 
Instrument Repairman 
Watch Repairman 
Lineman 

Boiler Fireman 



Astronauts 

Dentist 

Engineer 

Geophysicist 

Mf:teorologist 

Physician 

Elementary Teacher 
Technical Writer 
X-Ray Technician 
Building Custodian 
'Machine Tool Operators 
Roofer 
Welder 

Apprentice Engineer 

Stationary Engineer 

Agricultural Extension Agent 

Fish & Wildlife Technician 

Forester 

Range Management 

Soil Scientist 

Aircraft Mechanics'* 

Diesel Mechanic 
Flight Engineer 
Instrument NUker 
TV &. Radio Technician 
Insulation Worker 
Electrotypsr 
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ENERGY: HEAT 
Level: Junior High- 



ACTIVITY: Exploring Heat Insulation Materials 



Materials : 

ice CUBES 
NEWSPAPER 
RAGS 



SHREDDED PAPER 
KARO SYRUP 
SPONGE 

STYROFOAM TRAYS 



SAWDUST 



MEDICINE CUPS 
SALT 

ALUMINUM FOIL 
COOKING OIL 



SAND 

PENCIL SHAVINGS 



Procedure : 

What can you do to an* ice cube to keep it from melting? Ome 
thing, or cours^e, would be to leav& it in a freezer. but where 

CAN YOU PUT IT AT ROOM TEMPERATURE (aBOUT 7^°^) T° ^^^^ ' ^^^'^ 

more slowly than usual? how can you build a good ice-cube keeper? 
Here are some investigations that will help you find a way. ^ 

First of all, how long do you thInk it usually takes an ice 

CU3E TO MELT? If YOU PUT AN ICE CUBE In'A DISH, WOULD IT BE ALL 
GONE IN 10 MINUTES, 3^ MlNUTES, OR AN HOUR? TrY iTt YoU MAY 
BE SURPRISED* 

TESTING INSULATORS 

Materials that help keep things cold (or warm) are called insu- 
lators. Many refrigerator walls contain fiber glass, an insulating 

MATERIAL MADE FROM TH I N GLASS FIBERS. StYROFOAM, ANOTHER GOOD 
INSULATOR', IS USED TO MAKE PICNIC ICE CHESTS. 1t IS MADE BY PUMPING 

a lot of air into a batch of liquid plastic before it hardens, 

Before there were refrigerators, ice was used to keep food cold 

IN THE kitchen ICEBOX. BLOCKS OF ICE WERE CUT FROM LAKES IN THE 
WINTER AND THEN PACKED WITH SAWDUST IN A THICK-WALLED ICE HOUSE. 

The sawdust v/as such a good insulator that the ice could be stored 
all summer without melting. 

V/hat kind of insulation is best to use in an ice-cube keeper? 

You CAN USE FIBER GLASS, STYROFOAM, NEWSPAPERS, RAGS, SAWDUST {fROM 
A LUMBER yard)* OR SOMETHING ELSE. V/hAT MATERIAL WILL KEEP AN ICE 
CUBE LONGEST? ' 

You CAN EXPERIMENT TO FIND OUT BY V/RAPPING ICE CUBES IN DIFFERENT 
INSULATORS. TrY TO USE THE SAME AMOUNT OF EACH MATERIAL. KEEP 
A 'RECORD OF THE ICE-CUBE MELTING TIMES ON A CHART. CaN YOU FIND 
AN INSULATOR THAT KEEPS AN ICE CUBE LONGER THAN SAWDUST? YoU CAN 
USE THE BEST INSULATOR FOR THE ICE-CUBE KEEPER. 



2:07 
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INSULATOR 



fCE-CUBE MELTlNtS TIME 



NEWSPAPER 

I 

RAGS I 



i 

SAND j 
PENCIL SHAVINGS 



HOW AN INSULATOR WORKS 

An ice cube melts as it is warmed by air or anything else touching 
IT» Insulatinjs materials have tiny 'pockets of air within them that 

SEPARATE Trik^lCr CUBE FROM THE WARM ROOM AlR* ThESE TINY POCKETS, 

or "oeao air space," slow down the movement of heat' from the room 
air to the ice cube. 

Does shredded paper insulate better than an uncut piece? Rip 
UP one sheet of newspaper into long, thin strips. Put the strips 
around an ice cube, and shape them into a little ball. Take a second 
piece of newspaper, and wrap it tightly around another ice cubee 
you can tell when the ice is melted by squeezing the mfer# 

Should the insulation in your ice-cube keeper be packed tightly 
or left loose? 

I 

ARE LIQUIDS GOOD INSULATORS? 

Put an ice cube into a small jar of kerosene or Karo syrup» 
Does the ice take longer to melt in thp: liquid than it does in the 
ROOM AIR? Try other liquids, a^jd see if any of them slow down the 

MELTING OF AN ICE CUBE. DoES A CUBE MELT MORE SLOWLY IN A LARGE OR 
SMALLER AMOUNT OF THE SAME LIQUID? V/HAT HAPPENS TO THE MELT WATE,R? 

^ / 

Which one of two ice cubes (one resting on a sponge, the oihiR on 

A dish) would take LONGER TO MELT? TrY THIS EXPERIMENT YOURSELfy. 
In your ICE-CUBE KEEPER, IS IT IMPORTANT TO kEEP THE ICE CUBE FROM 
SITTING IN ITS MELT WATER? / 
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ENERGY: HEAT 
LeveL: JuNfoR High 



ACTIVITY: 



Materials: 



To ^DETERMINE IF MATERIALS RELEASE ENERGY WHEN THEY 
REACT WITH OXYGEN AND TO DETERMINE IF DIFFERENT 
MATERIALS PRODUCE DIFFERENT AMOUNTS OF HEAT ENERGY 
WHEN THEY REACT WITH OXYGEN. 



Procedure 



Test tube 

Clamp 

Splint 



Ring stand 

Paper 

Burner 



Marshmallow 

Match 

Cotton 



Place 10 ml of water in a test Tuee, 

Record the temperature of the water, ^ 

Be sure that the test tube is not pointed toward Anyone, 

Ignite a wooden splint and quickly hold it with the tongs 

. UNDER the test TUBE* 

Keep adjusting the splint so that the flame is under the 

TUBE* As it stops BURNING, RECORD THE .TEMPERATURE 
OF THE WATER# REPEAT THE PROCEDURE BUT THIS TIME 
USE A STRIP OF PAPER OF THE SAME MASS AND APPROXIMATE 
SHAfE AS THE WOODEN SPLINT. REPEAT THE EXPERIMENT 
WITH EACH OF THE FOLLOWING: 

A SMALL MARSHMALLOW 

A MATCH 

COTTON 

Results : 

Prepare a table for your data. Record your observations. 
Discussion or Results: 

1. Did all the burning materials produce the same increase 

IN WATER TEMPERATURE? If NOT, WHICH ONE PRODUCED THE 

LEAST? The most? Rank order the materials according 
TO their ability to produce a change in temperature* 

2. When any one of the materials was burned, was heat 
GIVEN OFF? What is your evidence? Is it direct or 
Indirect evidence? 

3. Since you were simply heating water in a flame, was 

THERE ANY MATTER BEING MOVED? 1f SO, WHAT AND HOW, 

k. A CALORIE IS THE AMOUNT OF HEAT WHICH RAISES 1 GRAM 

OF WATER 1 DEGREE CENTIGRADE. HoW MANY CALORIES WERE 
PRODUCED BY EACH OF THE MATERIALS? (l ML OF WATER 
HAS AN APPROXIMATE MASS OF 1 GRAm). 
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ENERGY: HEAT 
LEveu : Junior -High 



ACTIVITY: Radiant Energy 

Materials: Lighted lamp ^ Glass screen 

Reflector I Rad I ometer 

Clear glass bottle filled with water 

Background: ^ 

YqU have learned that 'ENERGY EXISTS IN DIFFERENT FORMS AND 
CAN BEXHANGED FROM ONE FORM INTO ANOTHER. RADIANT ENERGY WILL 
CAUSE THE BLADES IN A RADIOMETER^ WHICH ARE BLACK ON ONE SlDE AND 
SHINY ON THE OTHER, TO SPIN. Is THE MECHANICAL ENERGy/oF THE 
SPINNING BLADES PRODUCED BY THE LIGHT OR THE HEAT GIVEN OFF BY A 
LAMP? ^ 



Procedur\: 

The radiant energy from a lighted lamp is focused by means of 

A REFLECTOR ON A RADIOMETER^ WhEN A PIECE OF CLEAR GLASS IS PLACED 

between the lamp and, the radiometer, the blades cont i nue. tt>ssp i n . 
However, if a clear-glass bottle filled with water is w^aced>petween 
the' lamp and the radiometer, the blades slow and stop* 

Interpretation: 

Mark each of the following statements which explain what happens 
in the experiment according to the following key, writing the letter 
in the space provided. 



(a) an observation 

(b) an assumption 



(c) 



CONCLUSION 



(someth ing^ that is true because it "can 
be seen or measured in the experiment) 

(something that is probably true although 
it cannot be seen or measured in the 
experiment) 

(something that appears to be true as a 
result of what is learned from the experi- 
MENT ) 



1. The BLADES IN THE RADIOMETER ARE BLACK ON ONE SjDE AND SHiNY ON 



THE OTHER. 



V 



2. A BLACK SURFACE ABSORBS RADIANT ENERGY BETTER THAN A SHiNY 
SURFACE. 

3. Radiant energy is composed of both heat and light energy. 



k. Clear glass allows both light and heat energy to pass through.. 
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\^5, A CLEAR-GLASS BOTTLE FILLED WITH WATER ABSORBS THE HEAT ENERGY. 



\ 




6. The mechanical energy the radiometer js produccd by the 

^HEAf iN THE RADIANT ENER.GY. 



7» The air next to the black sides of the blades is heated by the 
absorbed energy. ______ 



8, The air molecules gain energy and move away from the black 
sides of the blades, causing them to spin. 

9. The total amount or energy produced by the spinning* blades 

IS THE SAME AS THE ABSORBED HEAT ENERGY. 



10. Energy is not created or destroyed in ordinary changes in 

FORM. 



APPLICATION 

The inside of a parked automobile, when it stands in the sun 
with the windows rolled up, becomes warmer than the outside temper- 
ATURE. Explain v/hy this "greenhouse effect" takes place. 



\ 
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ENERGY-:.-HEAT-^- 

Level: High School 



ACTIVITY: Heat Produced by a Candle 
Problem : 

v/e have learned that as a substance burns, heat energy is released, 
Thus, the amount of the substance burned determines the amount of 
heat released, hov/ much heat is produced when one gram of ordinary 
candle is burned? 

Materials : 

'Candle Beaker 

Centigrade thermometer Large glass tube 

Wood blocks Sensitive laboratory balance 

Procedure : 

Weigh the candle carefully to the nearest 0.1 gram. Pour exactly 
1000 milliliters of water in the beaker and arrange the equipment as 
shown in the picture. Let the candle burn for five minutes, and note 

THE TEMPERATURE OF THE WATER AT THE BEGINNING AND AT THE END OF THE 
EXPERIMENT. BlOW OUT THE FLAME, AND WEIGH THE CANDLE AGAIN. REPEAT 
THE EXPERIMENT AT LEAST FIVE TIMES. EnTER THE RESULTS OF EACH TRIAL 
IN THE TABLE B£LOW, AND FIGURE OUT THE AVERAGE NUMBER OF CALORIES OF 
HEAT PRODUCED BY ONE GRAM OF THE BURNING CANDLE. 



Thermometer 



— Beaker 



Air space 
- Glass tube 



Block for ventilation 



Observa\tions 



1 ' ^ " ; 

V/eioht of I Weight of 
Trials j Candle at ; Camdle at 
1 Beginning End 


i Loss OF 

♦ Weight 
IN Grams 


Temp, of 

Water at 
Beginning 


Temp, of 

V/ater at 
End 


Increase 
IN OC 
Temp. 




_. 

1 — . . 














































•5 


■ 




1 1 
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^iNTCRPRCTArrONT " 

According to the results of the i'nvestigation, complete each state- 
ment BY WRITING THE CORRECT WORD IN THE SPACE PROVl-DED AT THE RIGHT. 

1. The AVERAGE INCREASE IN THE TEMPERATURE OF 

x the water in five trials was . • • . 

2. The number of calories of heat produced in 

each trial is found by multiplying . • • . 

o "'^ 

3^ The average number of calories of heat pro- 
duced IN FIVE TRIALS WAS . . . , , 

jnt average number of grams of candle 

burned in five trials was • • • * ^ 

5. The average number of calories of heat pro- 
duced BY one gram of candle BURNED WAS 
ABOUT . . • 

Application ^ 

1. On the basis of the i nvesti gat i on^ write out the, word formula 
that can be used to determine how many calories of heat are 
produced by a burning substance, 



2. Have you ever dieted? How are these calories related to weight 
gain or loss in us? 



3^ What kind of work v/ould you expect a dietician to do? 
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ENERGY: HEAT 
Level : HIgk School 



ACTIVITY: Heat Storage 

We have DCriNED a calorie as the amount or energy required to raise 

the temperature of 1 gram of water 1 . water can store heat eliergy. 
Other liquids, as well as metA'ls, can also store heat energy. But 

DIFFERENT MATERIALS HAVE DIFFERENT CAPACITIES FOR HEAT STORAGE. ThE 
HEAT-STORlNG CAPACITY OF EQUAL WEIGHTS OF WATER AND A METAL WILL 
BE COMPARED DURING THIS INVESTIGATION, BeFOre PERFORMING THE INVES- 
tigation, predict which has the greater heat-storing capacity- a 
metal or water . 

Materials (per team) : 

2 Styrofoam cups- Graduated cylinder 

Balance sensitive to 1 gram Thread 
Metal weight Pyrex beaker 

Burner Thermometer 

Procedures : 

A# Label the Styrofoam cups A and B. Pour 4o ml of tap water into 

EACH CUP. 

B. Using the balance, determine the weight of the metal to the 
nearest gram. Tie a 10-inch length of thread to the metal. 
Weigh out an amount of tap water equal to tne weight of the 

METAL. 

C. Place thc metal object and water from Procedure B in a beaker, 

AND HEAT TO ABOUT 80^C . (ALLOW THE THREAD ATTACHED TO THE « 
METAL TO HANG OVER THE EDGE OF THE BEAKER.) 

D. When the temperature of the water has reached 8r^C, transfer the 
METAL TO Cup a and pour the hot water into Cup B. Stir the con- 
tents OF BOTH CUPS FOR ONE MINUTE. ThEN RECORD THE WATER TEMP- 
erature in each cup. 

Interpretations : 

1. Which contains more heat energy-metal at 8o^C, or an equal weight 
OF water at 8o^C? 

2. Using the kinetic theory of heat and what you have learned about 
the structure and behavior of matter, explain you answer to inter- 
pretation 1. 

3. how would knowing the kinetic theory of heat be useful in some 
CAREERS? Explain. 

If. How WOULD THIS INFORMATION BE HELPFUL TO A REFRIGERATOR REPAIR- 
MAN? Explain. 
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ENERGY: HEAT 
Level: High School 



ACTIVITY: Heat and Molecular Attraction 
Matcrialsj (per team) 

3 Pieces Of COTTON CLOTH (l X 4 INCHES) RUSBER BANDS 

20 ML DITTO FLUID (aLCOHOl) 2 BEAkERS 

3 TMMM0METER5 RiNG STAND AND CLAMPS 

PHOCCDURES : 

A*^..SOAK ONE PIECE OF CLOTH IN THE DITTO FLUID; SOAK THE SECOND PIECE 
IN water; and leave THE THIRD PIECE DRY* 

B# Remove the piece of cloth from the water, let it drip for about 
30 seconds, and wrap it around the bulb of a thermometer. Repeat 

with the piece of cloth from the DITTO FLUID, USING THt SECOND 

thermometer. wrap the dry cloth around the third thermometer. 
Fasten each cloth with a string or a rubber band. 
C. Mount the three thermometers ow a ring stand. Read and record 

TEMPERATURES FROM EACH THERMOMETER ONCE PER MINUTE FOR FIVE 
MINUTES* 



iNTCRPKETATIONS: 

U Using the kinetic theory of heat, explain the results of this 
experiment. 

2. What information does this experiment yield about the attraction 
between alcohol molecules as compared with the* attraction between 
water molecules? 

3* What CAREERS WOULD NEED TO KNOW HOW HEAT AFFECTS MOLECULAR 

BEHAVIOR? List below. 
k. Why would a cement contractor be intere3TEd in how fast his c 

CEMENT set UP? A HOT DRY DAY WOULD HAVE A DIFFERENT EFFECT ON 
HI5 WORK THAN A HOT HUMID DAY. WhY? 
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.ENERGY: HEAT 
Level: High School 



ERIC 



ACTIVITY: Heat of Fusion (how much heat is required to melt one 

GRAM OF ICE?] 

A CHANGE OF STUTE^ SUCH AS A SOLID CHANGING TO A LIQUID OR VICE 
VERSA, IS ALWAYS ACCOMPANIED BY THE ABSORPTION OR' THE RELEASE OF 
A QUANTITY OF |\eAT ENERGY. A GLASS OF WATER COOLED BY A PIECE OF 

\Z ICE IS COLO BUT ALSO BECAUSE HEAT IS 
THE I CE MELTS, 



ICE NOT ONLY BECAUSE/-TTi 
TAKEN FROM THE VT^iTER 



Procedure : 

V/EIGH THE EMPtV CALORIMETER ( INSIDE CAn). WE I GH IT AGAIN WHEN 
IT IS ABOUT ONE-HAlV FULL OF WARM WATER (aBOUT 3^^^ ) • 

V/IPE DRY A PIECe\oF I CE ABOUT THE slZE OF A WALNUT. St I R THE 
WARM WATER AND RECORD ITS EXACT TEMPERATURE. IMMEDIATELY DROP THE 
PIECE OF ICE INTO THE WAJER. St I R CONSTANTLY, AND IF THE TEMPERA- 
ture has not dropped to a^out lo^c after the ice has melted, add 
another small piece of ice. repeat until a temperature near lo^c 
_has been reached. as soon as the last picce of ice melts, stir 
the water thoroughly and read the thermometer. 

Weigh the calorimeter and water to determine the weight of the 
ICE which has been melted, 

1. What substance (s) lost heat? 

2. What is the temperature of ice uust as it is melted? 

3« The melted ice (ice water) was heated to what temperature? 

4. The heat lost by the warm water accomplished what two things? 

Make^all the calculations required in the data, 

DATA 
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Weight or calorimeter 


1 

G 


Weight of calorimeter and water 


i G 
1 ^ ■ — 


Weight of water 


G 


Water equivalent of calorimeter (0.1 x • . 

WEIGHT OF calorimeter) ' : G 


Initial temperature of water and calorimeter 




j Temperature of water and melted ice 


°c 


! Weight- OF calorimeter, water, and melted ice 


G 


Weight of ice 


1 


CALCULATION OF HEAT LOSS 


Weight of water plus water equivalent of. • 
calor imeter 


G 


Change in temperature of water and calorimetsr 


^C 


Heat lost by water and calorimeter 


CAL 



Heat lost by the wAr^ M a nd equals 

THE HEAT REQUIRED TO . THE ICE PLUS THE HEAT RE- 
QUIRED TO RAISE THE TEMPERATURE OF THE ICE WATER FROM 

TO 



CALCULATION- OF HEAT GAINED 



1 V/EfGHT OF ice WATER 
u . - - ■ ■ ■ 






G 


Change in temperature of 


ICE WATER 




Heat absorbed by the ice 
to final temperature 


WATER IN WARMING 




i 

CAL 


*^ Heat absorbed which must 


HAVE MELTED JHZ ICE 


CAL 


Weight of ice 






G • 


Heat used to melt 1 g of 
fusion of ice) 


ICE (heat of 




CAL 


Accepted value 






CAL 


1 Percentage of error ; 


Discussion: 

!♦ Explain the meaning of 

ICE IS 80 CAL 


THE STATEMENT THAT THE 


HEAT OF FUSION OF 





2. Which requires more heat to raise to a temperature of 20°C, 10 

G OF ICE AT 0°C^ OR 10 G Of=- |CE WATER AT O^C ? 

3^ Which would be more epfective in an icebox, ice or ice-cold 

BRICKS ? ^ , 

Explain. 



\ 

k. How MANY CALORIES OF HEAT WILL Bt REQUIRED TO MELT 3^0 G OF ICE 
AT 0°C AND TO HEAT THE ICE WATER FORMED TO kO^C! 



Ans. 



5. 


What sources 


OF ERROR ARE THERE IN YOUR DETERMINATION? 


6. 


What careers 


WOULD FIND THIS INFORMATION USEFUL? 


7. 


How WOULD AN 


ENGINEER USE THIS LAB?^ HOW ABOUT A HEATING TECHNICIAN? 






i 
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ENERGY: HEAT 
Level : High School 



ACTIVITY: Coefficient of Linear Expansion (How can the coeff^icient 
of linear expansion be measured? 

Nearly all substances expand with rise in temperature^ the amount 

OF EXPANSION PER DEGREE DEPENDING UPON THE TYPE OF SUBSTANCE. Th I S 

rate of e^ean^sion in length is known as the coefficient of linear 
expansion. 

Procedure : 

There are mahy varieties of apparatus for finding the coeffi-* 
cient of linear expansion^ but most of the variation occurs in the 
device which measures the change in length of th£ rod. The device 

SHOWN IN the diagram CONSISTS OF A BENT LEVER ABC. As THE ROD 
EXPANDS^ IT PUSHES AGAINST C AND RAISES A. ThE MOVEMENT OF C IS* 
MULTU>LIED AS MANY TIMES AS THE SHORT ARM IS CONTAINED IN THE LONG 

ARM. Measure the lever arms of AB and BC and record their ratio. 

Call this the multiplying factor of the lever. 

1. What is meant by the coefficient of linear expansion?. 



*|t can be found by use of the FORMUI.Aj 



K = 



(T2 



where k is the coefficient of expansion^ £ IS The amount of expan- 
sion, L IS THE LENGTH AT THE BEGINNING, Tj_^ IS THE TEMPERATURE AT THE 
BEGINNING, AND' T£ IS THE FINAL TEMPErtATURE^ 

Fill the steam boiler two-thirds full of water and heat over a 
BURNER. While it is heating^ remove the metal rod and measure its 
LENGTH. Replace the metal rod and record the readu/g of the pointer 

ON THE SCALE. InSERT THE THERMOMETER INTO THE STOPPER PROVIDED IN 

the apparatus and read the initial temperature of the rod. connect 
the steam boiler to the tube by means of a rubber hose and allow 
steam to run through it until the pointer shows no further change. 

Read the thermometer and the position of the pointer on. the 
vertical scale. 

2." From the movement of A, how can you compute the amount the rod 

HAS EXPANDED? 



/ 







DATA 




. Length l*of rod i . cm 


Initial reading of pointer 


CM 


Final reading of pointer 


1 

; CM 


MULT'I PLYING FACTOR OF LEVER 1 


Total expansion e 


CM 


Initial temperature t^ 


c 


Final temperature Tp 




Difference in temperature 


c 


Coefficient of linear expansion per 

DEGREE CENTIGf^ADE " ' 





Discussion : 

1. what are the possible sources of error |n th i exp er i ment ? 



2. h{pw COULD THE MULTIPLYING FACTOR OF THC BENT LEVER BE' INCREASED? 



3. The coefficient of linear expansion of copper is/D. 00001 68. How 

MUCH^ in inches, V/ILL A WIRE 5CO FT LONG EXPAND/'lF ITS TEMPERATURE 
CHANGES FROM 15^C TO IjO^C? 



Ans. 



Did you know that asphalt-composition strips are 'inserted in 
concrete hiways to allow for expansion and contraction of the 

CONCRETE CARRIED BY TEMPERATURE CHANGES? WhY WOULD A CONTRAC- 
TOR NEED TO KNOW THIS? 



List some other careers where this information would be helpful< 
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PHYSiCS - ENERGY - CHEMICAL 



Physical Chemist 
Dentist 
Engineer 
Pharmacist 
Physicist 
Technical Writer 
X^Ray Technician 
Aircraft Mechanic 
OiesEL Mechanic 
Truck Driver 



Dental Hygenist 
Engineering Technician 
Geophysics 
Physician 

Teacher secondary-college 

Veterinarian 

Radiologist 

Auto Mechanic 

Far^ Equipment Mechanic 
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CHEMICAL ENERGY 



How Maw Electrical Energy be changed to chemical energy. 

We have seen how chemical changes can produce electrical energy. 
Can we reverse the process and use electrical energy to produce chemi- 
cal changes? What useful chemical changes can we bring a60ut? 




-- — Lead sheets 

1 1'-— 



CARBON 



^Sulfuric agio 
,^6lass jar 
.Wnoo Separator 




SULFATE j;;: ^pv":". Iff- 

SOLUT ion!::-.: •■ -.v.-M; 



How IS A Storage Battery Made? 



Experiment 1: Step 1. Assemble the simple storage cell shown in the 
PICTURE. Before charging it with the dry cells, connect jt to an 
electric light bulb. 

Does the bulb light? Step 2. Remove the bulb and connect two drv 

CELLS TO THE STORAGE CELL AS SHOWN. AFTER THE CELL HAS BEEN CHARGING 
FOR ABOUT 5 MINUTES, DISCONNECT THE DRY CELLS AND RE-CONNECT THE BUtB , 

Does the bulb l4ght? Step 3. Remove the pi)ates from t»^c souution 

AND note their COLORS. HOW DO THEY DIFFER^ 

The surface of one or THE Twe PLATES I^w-Zeen changed into a ncw sub- 
stance, LEAD PEROXIDE. WAS THIS A PHYSICAL OR CHEMICAL CHANGE? 

fOMCLU5»ONS: lEFORE CHARGING, THE CELL COULQ NOT PRBOUCC A CURRENT 

or ELECTRICITY BECAUSE THE fLATC* WERE \ . AfTER CHARGING, 

THE CEIL COUUD PRODUCE A CURRENT OF ELECTRICITY BECAUSE IMC PLATES 
yCRf AND ONE WAS ACTED UPON BY THE ACID. 

How IS Electroplating Done? 

USINO A copper-plating TANK SET UP, CONNECT A CLEAN CARBON ROD TO THE 
WIRE FROM THE NEGATIVE TERMINAL OF THE BATTERY. ATTACH THE WIRE FROM 
THE POSITIVE TERMINAL TO THE COPPER PLATE. AFTER THE CURRENT HAS 
TLOWEO FOR ABOUT THREE MINUTES, REMOVE THE CARBON ROD AND EXAMINE IT. 



Obscruat . . ■■ — ■ ' 

Replace- THE' carbon rod and reverse the direction of the current 

FOR SEVERAL MINUTES. 



RCWt-T*^ — • 

TkERC ARC MANY CAREERS THAT APPLY TO THESE ACTIVITIES. CAN YOU NAME 
SCVCRAL* 



CHEMICAL ENERGY 
LEVEL! High Scnoot 



ACTIVITY: The Voltaic Cell 
Problem: 

V/HAT materials are CSSEMTIAL for a StOPLE VOLTAIC CELL? V/E ARC TO STUDY 
THE CHEMICAL ACTION WHICH IS ESSENTIAL IN A PRIMARY CELL, ARE THCR£ 
LIMITATIONS TO THE MATERIALS USED, OR CAU ANY METALS AND ANY SOLUTION 8E 
USED? 

NV^TERiALS: 

Battery jar or large glass tumbler 
Porcelain electrode holder 

0*C VOLTMETER (0-3 VOLT RANGE ) 

Electrodes or copper, commercial zinc, 
zinc amalgam, carbon, lead and 
aluminum 

Proccdure: 

A, Chemical Action in the Cell 

Fill A tumbler about two^^thirds full or suw^^uric acid. (Do not 

SPILL the acid on your HANDS OR CLOTHING.) DiP A STRIP Of COPPER 

Into the acid. 

!• is there evidence of chemical action? 



Remove the copper and immerse the commercial zinc^ 
2» V/hat do you observe? ^ 

3« V/HiCH METAL iS APPARENTLY ACTED UPON TO A GREATCR DEGREE BY 
THE ACID? 



Commercial zinc contains many impurities, such as iron and carbon* 

V/HEN the ZIUC is PLACED IN ACID, THERE ARE SET UP SMALL CURRENTS 
BETWEEN THESE IMPURITIES AND THE ZINC. ThE ZfNC IS THUS CONSUMED 
EVEN V/HEN THE CELL IS NOT IN USE. ThIS DEFECT OF ^HE CClk 1^ 

called local action . 

Remove the commercial-zinc strip from the acid and immisrsE an 
amalgamated zinc strip (zinc covered with mercurv)« handle this 
strip carefully, because it breaks easily. 

j|. kou docs the action compare with that of the commercial zfnc? 

Place the amalgamated zinc and the copper strips in the acid« 
do not let them touch. connect the outer ends of the strjps to* 

OETHER BY MEANS OF A SHORT COPPER VIRE. V/aTCH THE ACTION IN 
THE CELL. 



Copper connecting wire 
Solutions of sulfuric acid, 
hydrochloric acid, sodium 
chloride and sodium carbonate 



5* What do you observe? 



The chemical action in the cell has developed an ELeCTRCMOTIVE 
FORCE, OR DIFFERENCE IN POTENTIAL, BETV/EEN THE TWO MCTAL STRIPS,^ 
It is this POTENTIAL DIFFERENCE WHICH CAUSES A CURRENT TO FLOW 
THROUGH A CONDUCTOR CONNECTED TO THE TWO METALS. 



B. Factors Determining the Nature of the EMF 

Remove the short wire connecting the two plates and oislooge 
any bubbles on the plates. connect the plates to a voltmeter, 
connecting the copper plate to the positive terminal and the . 

2 INC TO THE NEGATIVE TERMINAL OF THE VOITMETER. REAO THE EMF 
WHEN THE PLATES ARE INSF.RTED ABOUT 6 CM IN THE ACIO. RaISE 
THE PLATES UNTIL ABOUT 3 CM REMAINS IN THE ACID. READ THE 
VOLTMETER. FINALLY, RECORD THE EMF WHEN ABOUT 1 CM OF THE 
PLATES IS IN THE ACID. 



6. How IS THE EMF AFFECTED BY THE AREA OF THE PLATE EXPOSED 
TO THE ACIO? 



Insert the plates full length again and read the voltmeter when 

THEY ARE SEPARATEp AS FAR AS THE TUMBLER ALLOWS # MOvE THEM 
UNTIL THEY ARE ABOUT 1 CM APART AND RECORD THE EMF. 



7. V7HAT EFFECT ON THE EMF HAS THE DISTANCE BETWEEN THE 
PLATES? 



Using zinc and copper p'.ates, record the emf when the acid is 
replaced by different liquids, such as salt solution, hyoro^ 
chworide acid, sodium carbonate solution^ and tap water* rinse 
the tumbler and the plates each time before using a different 

LIQUID. 



8. V/HICH SOLUTION GIVES THE GREATEST EMF? 



Use the following combinations of electrodes in sulfuric acid 
and record the emf for each pair: copper«z|nc, c0pper«car60n, ^ 

ALUMINUM-^ZINC, ALUM I NUM-LEAD, LEA0«C0PP£ft. CaRE MUST 8E TAKEN 
TO HAVE THE POSITIVE STRIP CONNECTED TO THE POSITIVE TERMINAL 
OF THE VOLTMETER. If THE NEEDLE IS DEFLECTED IN THE OPPOSITE 
DIRECTION, DISCONNECT AT ONCE AND REVERSE THE CONNECT I ONS» Re* 
CORD THE POSITIVE AND NEGATIVE ELECTRODE FOR EACH COMBINATION. 
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DATA 



9? 



Position of: plates 


Emf (volts) 


ELECTROVTffS 


EMr (vouTs) 


iMHCRSeO 6 CM 




Salt 




Immersed 3 cm 




1 HYOROCHLORiC ACIC 




i.MMCRSeO 1 CM 




Sodium carbonate 




SCPARATED 




Tap water 




Ctose 




...1 ■ 



Electrodes 



Trial 


Positive metal 


Negative metal 


Emf (volts) 


1 








2 








3 








\ 
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^ DISCUSSlOu' 

1. V/HAT ARC THE CSSCMTIAL REQUIRCMeNTS TOR ANY CELL? 



2. What is meant by the ilectromotive force or a cell? 



ERIC 



3* Summarize in a sTATEMErrr the factors that affect the size or the 

EMF OF A CELL ? 

^« V/HICH will Give A HIGHER EMF^ A LARGE DRY CELL OR A SMALL FLASHLIGHT 

ecu? 



jj 

5. V/HAT CAREERS WOULD NEED TO KNOU HOW A BATTERY FUNCTIONS? 



6« There are many other examples of special batteries* Can you recall 



THEM AND THEIR SPECJiFIC U5£y^DAY? 



CHEMICAL ENERGY 
Level: High School 

ACTIVITY: Refining Oil 



Problem : 

Petroleum oil is a source or manv useful chemical compounds for the 

HOME^ agriculture^ A(jD INDUSTRY. HOV; ARE THE VARIOUS SUBSTANCES NEEDED 

to prepare these compounds separated from the crude oil? 
Materials: 

Two ONE* INCH PYREX TEST TUBES RING STAWO AND CLAMPS 

STOPPERS MINERAL 01 t 

beakers fine steel wool 

two bunsen burners small dish 

glass tubing 

Procedure : 

Pour a small quantity of mineral oil in one test tube and pack some steel 

WOOL loosely into the tube ABOVE THE OIL BUT fiOT TOUCHING THE LIQUID* 

Arrange the equipment, as shown in Fig. 2-3» ( Caution : the outlet tube 
should empty into a beaker placed av/ay from thc rlamcs t) ptace one burn^ 

ER UNDER THE TUBE CONTAINING THE OIL AND HCAT WITH A SMALL FLAME. ALSO 
HEAT THE STEEL WOOL IN THE TUBE BY MOVING THE OTHER BUHNER UP AND DOWN 
ALONG THE SIDE OF THE TUBE. GRADUALLY INCREASE THE MEAT OF BOTH BURNERS 
UNTIL THE OIL BEGINS TO BOIL* KEEP ON HEATING UNTIL A LIQUID BEGINS TO 
DRIP OUT OF THE OUTLET TUBE INTO THE RECEIVING BEAKER. 




8-S .gtl 



Observat 
2. 



IONS 
V/HAT 

V/hat 



IS GIVEN Orr WHEN THE OIL BEGINS TO BOIL?^ 
HAPPtNS TO THIS SUBSTANCE? 



What is deposited in the beaker? 



Describe the smell of this substance 



5* Place a rev; drops in a dish and try to light the -tiouio. 

V/ILL IT BURN?_^ 

iNTCRmCTATION 

pitt in the blank words in the following paragraph in the numbered, 
spaces to the right. 

The thick, crude oil obtained from the 1 

GROUND IS KNOV/N AS (l). ThIS OIL MUST BE (2) 
IN ORDER TO OBTAIN THE USEFUL PRODUCTS. ThIS IS 2 
USUALLY DONE BY O) THE Olt TO A HIGH TEMPERATURE* 
The STEEL WOOL IN THE EXPERIMENT HELPED CHANGE THE 3 _ 
(k) GIVEN OFF INTO A SIMPLE FORM OF {^) . In ADDI- 
TION TO FUELS, OTHER USEFUL PRODUCTS OBTAINED FROM 
PETROLEUM INCLUDE (6), (7), (8), (9), AND (lO). 



5 



6 7 

8 9 

10 



Application 

1. Explain hov/ various liouid products are obtained from petroleum by 
fraction distillation. 



2. v/hat careers v/oulo find this activity USEFUL? List. 
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CHEMICAL CNCRGY 
Uvcl: High School 



ACTIVITY: How Aie OrHCii Hoy Gascs Usco to TuAiaroi Cmrgy? 
ProbuCm: 

StCAH CNOIHCS arc urge ANO HCAVY. BcsIOCS, THCY MCCO a fURHACCy ii 
aOlLCR^ ANO A SUPPLY OF WATCH TO PROVIOC tl«C STCAH WHtCll OPCRATCS 
THCN. ThIRK or TMC SAVING IH SPACC ANO WCICHT If WC COULO PROOIICC A 
HOT GAS RIGHT IHSIOC THC CNGINC CYLINOCR! ThAT IS JUST WHAT WC 00 IN 
GASOLINC^ OiCSCl ANO OCT PROPULSION ENGINES. ^ 

A. How Do Gasoline ano Dicscl Engines Opcratc? 

Set up the apparatus as shown in the oiaoram/sclow^ 
aoo gasoline or pctroleuii ethlr 1 orop at a timc, 
t;;yinq pirrCRCNT ahouhts from 1 ro 13 OROps* Be 

SURC TO ALLOW THC FUCL TO EVAPORATE BCfORl YOU 
CLOSE THE BATTERY CIRCUIT. 




\. (a) The SHARPEST EXPLOSION TOOK PLACE WITH ^ OROPS« 

(0) VAiEN WC USES .........^.^^ DROPS OR MORC, THERE WAS NO EXPLOSION 

8ECAUSC THERE MM TOO MUCH ANO ilOT 

ENOUGH ^ : _^ 

(c) The iron pipc corrcspohds to thc 

OF THE CH^TWCf^N^HC RUOOER STOPPER TQ^ THC < 



Study the: diagram of the: gasoline: cngine:* 

(a) V/hat pai^t of the gasoline: engine (not shown in the diagram) 
measures and mixes the fuel and air mixture? 



(b) V/hICH valve IS Ct'o55EO DURING THE INTAKE STROKE? 



(c) V/hich valve is closed during the exhaust stroke? 



(d) During which strokes aue doth valves closed? 

AND 



(a) During the compression stroke, the piston moves up— down, 
(b) 

(b) During the ignition or "power" stroke, the piston moves 

UP—DOWN. 

(c) During which stroke is power DELivERea by the engine? 



k. Why is a heavy flywheel needed with this type of engine? 



5. (a) How is the fuel ignited in a Diesel engine?^ 



(b) In which engine, gasoline or Diesel, is the compression greater? 



(c) V/hich engine, therefore, must have thicker and heavier cylinder 

walls?^ ^ 

(d) v/hat fuel is usually burned by the Diesel engine?^ 



(e) how do the strokes of the diesel engine compare with those of 

the gasoline. engine? 

(f) Give one disadvantage of a Diesel engine. 



(g) Name two kinds of transportation in which Diesel engines are 
widely used. 

(1) [ 

(2) 
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6. v/hat careers does THIS ACTIVITY RELATE TOO? 




NUCLEAR ENERGY 




PHYSICS - ENERGY - NUCLEAR 



1^^ 



Physical Chemist 
Engineering Technician 
Geologist 
Merchant Marine 
Physicist 
Technical Writer 
X-^Y Technician 



Dentist 
Engineer 
Geophysicist 
Pharmacist 

Teacher secondary-college 

Veterinarian 

Radiologist 



1 
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NUCLEAR ENERGY 
Level: High School 



ACTIVITY: Gc Mad With Power 

When a car is pushed' down the street, force acts over a distance, 

AND WORK IS DONE. WORK CAN TAKE MANY FORMS. WE SPENT SOME TIME 
LEARNING HOW SIMPLE MACHINES COULD MAKE WORK EASIER. WE FOUND THAT 

different kinds of matter acting together produce energy. most of 
our engines run by burning fuel with air* 

Are we really digging deep enough? The energy we kavc talked about 

$0 FAR COMES FROM CHEMICAL REACTIONS. AtOMS FORM NEW COMBINATIONS 

in chemical reactions* but chemical reactions are not enough to 
account for all the energy that is produced in our unli^rse. 

Procedures: \ 
A. A Picture of Heat? v 

K If chemical energy isn^t enough, where could the rest come 

FROM? 

Let*s use a piece of equipment most people have seen around a 
LONG time: a piece of photographic fjlm, 4 X 5 a black envelope. 

2. What form of energy is usually used with film? 

Let's test to see if the film reacts with oth^r forms of energy. 
Use a piece of chalk to mark off two. areas on the film wrapper* 
Tape the radioactive specimen to a spot on one side of the chalk 
LINE* Leave it there overnight or longer* 

When you remove the specimen, use the other part of the film 
TO test with heat. Use a flame to heat the head of a 5-iNCH spike 

HOT ENOUGH TO MAKE A BROWN MARK ON THiN CARDBOARD WITHOUT MAKING 
VERY MUCH SMOKE* PuT A PIECE OF CARDBOARD OVER THE UNUSED HALF OF 
YOUR FILM PACK* PrESS THE HOT SPIKE*S HEAD DOWN ONTO THE CARDBOARD, 

with the film pack underneath* hold it there about 10-15 seconds, 
long enough to make a brown mark om the cardboard. 

At all times, handle that hot spike with careI It stays hot 
quite some time* 

now develop your film pack according to the directions given 

IN CLASS. 

3. What do you see? 

\. how did heat energy affect the film? 

5* How DID ENERGY FROM THE RADIOACTIVE SPECIMEN AFFECT THE FILM? 
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NUCLI 
Level : 



ACTIVITY: Intensity of Radiat/ons 
Problem: 

AlU RADIOACTIVE SUBSTANCES GlVE\pFF RADIATIONS WHICH TRAVEL FROM 

the source in all directions, what happens to the intensity of the 
radiations as they move away from the source? 

Investigations 

An electroscope, which detects radiation by discharging the 
electric charge in its leaves, is placed at various distances from 

A PIECE OF RADIOACTIVE MATERIAL SUSPENDED. ThE TIME IT TAKES FOR 
THE FULLY CHARGED ELECTROSCOPE TO DISCHARGE AT EACH DISTANCE IS 
MEASURED WITH A TIMER OR WATCH. THE TIMES AND DISTANCES CAN BE 
SHOWN IN A CHART LIKE THE ONE BELOW. 



T 


5 




1 






M 


10 




E 








15 




1 






N 


20 




M 


25 




1 






N 


30 




U 






T 


35 




£ 






S 


ko 
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'3 4 5 6 7 8 ; 9 
Distance in Centimeters^ 
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Interpretation: 

Fill in the blank words in the following paragraph in the numbered 
spaces at the right. 

Radiations produced by a radioactive substance i 

ARE OF Three types. The negatively charged parti- 

CLES are £>LECTR0NS AND ARE CALLED ThE POSI- 

TIVELY CHARGED PARTICLES ARE HELIUM NUCLEI AND ARE 3 

CALLED (2). The third type of radiation, SIMILAR 1| 

TO X RAYS, IS CALLED (3). As THESE PARTICLES AND 

RAYS TRAVEL THROUGH THE AIR, THEY CAUSE THE ATOMS 5 

IN THE AIR TO LOSE OR GAIN {k) AND BECOME {5). 6 

This process, known as (6), can be detected with y 

AN electroscope; and the rate of discharge is an 

indication of the (7) OF THE RADIATIONS. AcCORD- 8 4 

ING TO THE CHART, THE FARTHER AWAY THE ELECTROSCOPE * 
IS FROM THE SOURCE, THE (8) THE RATE OF DISCHARGE. ' 

S32 
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This shows us that as the ot stance from the source 9^ 

(9)^ THE INTENSITY OF THE RADIATIONS (lO). 10, 



Application: 

Explain why scientists, studying the results of atomic bomb 
tests, place automatic radiation detectors at different distances 
from the center of the explosion. \ 



\ 

\ 
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SOUND 
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PHYSICS - ENERGY - SOUND 



Architects 
Astronomer^ Radio 
Physical Chemist 
Engineer 
Geophysicist 

Industrial Traffic Manager 
Merchant Marine ^ 
Pharmacist / 
Physicist 
audiologist 

Teacher secondary-college 
Veterinarian 
Radiologist / 
Industrial Maintenance Mechanic 
Appliance Serviceman 
Watch Repairman 

Central Office Craftsman (telephon 
Telephone Repairman 



Astronauts 
Dentist 

Engineering Technician 
Geologist 

Ground Radio Operator 
Interior Design & Decoration 
Musicians o 
Physician 

Singers & Singing Teachers 
Speech Pathologist 
Technical WriTer 
X-Ray Technician 
FBI Agent 
Instrument Maker 
TV & Radio Technician 
Carpenter 
e) Telephone Installer 
Broadcast Technician 




ENERGY (SOUND) 
Level: Junior High 



ACTIVITY: Activities with Sound Waves and Resonance 

^4ATERIALS: (part l) 

Tuning forks 
Resonating boxes 
Ping pong ball 
Thread 

Rubber mallet_ ^ 

(part 3) 
Tall graduated cylinder 
Tuning fork 
Sheet of paper 



(part 2) 
2 tuning forks ( same ) 
Rubber band 
Mallet 



Procedures : (part 1 ) 

1« The phenomonen of resonance can be easily demonstrated by 

using two tuning forks of the same FREQUE.'iCY MOUNTED ON 
RESONATING BOXES. PlACE THE MOUNTED FORKS 2 FEET APART 

so that the open ends of the boxes face each other. sus- 
pend a ping pong bali\ by means of a thread and plece of 
tape so that it rests' aga i nst the tip of one of the forks. 
With a rubber mallet (rubber stopper on a pencil) strike 
the other fork and notevwhat happens to the ping pong ball« 
v/ith the ball removed\str ike one fork, stop its v i bra* 

TION WITH YOUR HAND, AND LISTEN, Th I S CAN BE REPEATED 

WITH VARIOUS DISTANCES BETWEEN THE FORKS. ORDINARY UNMOUNTED 

FORKS WILL WORK BUT MUST BE HELD CLOSE TO THE EAR TO HEAR 

RESONANCE. 

(part 2) 

2. Using the same two forks a beat note can be produced • 
Sound both forks at the same time by striking them. There 
should be a note of constant pitch gradually dying away 

in intensity. tightly wrap a rubber band around one prong 
of one fork. set both to vibrating again. listen for 

A RISE AND FALL IN THE INTENSITY OF THE SOUND. ThE NUMBER 
OF BEATS PER SECOND WILL GIVE THE DIFFERENCE IN THE FRE- 
QUENCIES OF THE TWO FORKS. CHANGE THE LOCATION OR AMOUNT 
OF WEIGHT AODEP TO THE FORK. Is THERE A CHANGE IN THE BEAT 
FREQUENCY? 

(part 3) 

3. Resonance in air columns can be produced by vibrating a 

TUNING FORK OVER A TALL GRADUATED CYLINDER. ThE EFFECTIVE 
LENGTH OF THE AIR COLUMN CAN BE CHANGED BY ADDING OR 
REMOVING WATER FROM THE CYLINDER. WITH A 250 CPS FORK 
START WITH AN AIR COLUMN ABOUT 1 TOOT LONG AND ADD OR 
SUBTRACT WATER A LITTLE AT A TIME UNTIL MAXIMUM RESONANCE 
HAS BEEN OBTAINED. REPEAT USING A FORK OF HIGHER FREQUENCY. 
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Should the air column be shorter for resonance with this 
FORK? Closed tubes resonate best at iA v^ave length. 

Open tubes may be resonated in the same manner. Change 
the effective length of the air column by wrapping a sheet 
of paper around the tube and sliding it in or out on one 
END% Open tubes resonate best at 1 /2 wave length* How 

LONG SHOULD AN OPEN TUBE BE TO RESONATE TO A FORK OF 250 
CPS? 
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CNERGY - SOUND 
Level: High School 

^\ 

ACTIVITY: In What Ways Do Sounds Differ? 

We have little difficulty in recognizing a person^s voice or 
distinguishing one musical instrument from another, what causes 

SOUNDS TO DIFFER? WHY ARE SOME SOUNDS MORE PLEASING THAN OTHERS? 
How ARE WE ABLE TO HEAR THEM? 

A, What Are Two Characteristics of a Musical Sound? 

A, Obtain three tuning forks of different frequenci es— 256, 
381^^ AND 512. Strike one of the tuning forks very gently and 

NOTE THE LOUDNESS OF THE SOUND IT PRODUCES. STRIKE THE FORK 
AGAIN, THIS TIME MUCH HARDER, AND NOTE ITS LOUDNESS* 
1. How DOES THE SECOND SOUND DIFFER FROM THE FIRST ONE? 

Z. What causes the difference that you observed? 



B, Sharply strike each tuning fork in turn on a rubber pad or stopper 
and immediately press its stem aga i nst the table top and notcl the 
sound it produces, 

• Which fork produces the shrillest sound (highest pitch)? 

. Which fork produces the sound of lowest pitch? 
5* How is the pitch of a sound j?elated to the frequency or rate of 
vibration of the sounding body? ^ 

C, Blow over the mouth of an empty quart bottle and note the pitch 

OF THE SOUND PRODUCED, POUR A GLASS OF WATER INTO THE BOTTLE 
AND BLOW AGAIN, PoUR MORE WATER INTO THE BOTTLE AND BLOW AGAlN# 

6, Label "low pitch" and "high pitch" on Diagram A. 

7, V^HAT RELATION IS THERE BETWEEN PITCH AND THE LENGTH OF THE AIR 
COLUMN? ^ ■ 

D, Pluck the string of a sonometer and note the pitch of the sound 
PRODUCED, Loosen the string, pluck it, and once more note the 

PITCH OF THE SOUND. 

8, How DOES CHANGING THE TENSION (tIGHTNESs) OF A STRING CHANGE 

THE PITCH OF THE SOUND PRODUCED? . . , 

E, Slide the bridge under the string to the midpoint of tke sonometer. 
Pluck the string and note that the pitch of the sound is an octave 
higher than that produced by the string vibrating as a whole, 

Sa, ' Label "low pitch" and "high pitch" on Diagram B, 
lb. (a) How does the number of vibrations per second (frequency) of 

THE HALF STRING COMPARE WITH THE NUMBER OF VIBRATIONS OF THE WHOLE 
STRlNG?^ . ' 

(b) The sound produced by the short string is said to be the 

OF THE sound PRODUCED BY THE LONG STRING, 
11, CONSLUSIONS: 

(a) The LOUDNESS of a sound depends upon 

(b) The pitch of a sound depends upon^ 




8^ WHAT DISTINGUISHES A MUSICAL TONE FROM A NOISE? 




A* From a height of about a foot, drop several sheets of metal on 

THE TABLE TOp. REPEAT, USING A RULER AND A BUNCH OF KEYSt 

12 J Would you describe these sounds as musical or simply as 

NOISE? 



B« Observe the spacing of the holes in the siren disk like that 

shown IN THE DIAGRAM, 

13* In which circle are the holes spaced unevenly? 
C. Rotate the disk rapidly and blow a jet of air on each of the 

CIRCLES IN TURN, 

l4. (a) Which circles of holes produce a musical sound ? 
(b) Which circle or holes produces a noisy discordant 
sound ? 

15» Complete the labeling on the diagram, 
1o, Conclusion: The chief difference between a noise and a 
musical sound is 



C, HOW DO WE DETECT SOUND? 
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17, On the diagram LABeu: the outer ear, inner ear, eardrum, audi- 
tory NERVE, Eustachian tube, and semicircular canals. 

18. What effect do sound waves have upon the car drum? 



How DOES THE EAR DRUM TRANSMIT IMPRESSIONS TO THE INNER EAR? 



20, What carries impressions from the inneb ear to the braIn?^ 



21. Where are the impressions created by sound waves interpreted? 



22. What is the purpose of the Eustachian tube? 

Related Questions 

1, What characteristic of a musical sound makes it possible for you 
TO distinguish between two notes of the same pitch when played 

ON DIFFERENT INSTRUMENTS? 



2. (a) How does a violinist play notes of different loudness? 



(b) How does a violinist produce notes of different pitch from 
the same string? , 



(c) How DOES A VIOLINIST TUNE HIS INSTRUMENT?^ 



3, The average speed of sound can be considered as 1100 feet per 
SECOND. If you see a flash of lightning and four seconds 

later hear the thunder, the lightning flash occurred 

feet from you. 



k. (a) What characteristic of sound enables us to distinguish a 

SOUND FROM A RECORDING OF THE SAME SOUND? ^ 



(b) What is meant by a stereo recording' 



5. What careers would be related to these activities? List several 
you might be interested in. 
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ENERGY - SXUND 
Level: High School 



ACTIVITY: Measuring the Velocity or SoundXby Pipes 

a wave motion can be classified as long |\ud inal or transverse 
depending upon the mode of vibration of the wave. a wave is said 
to be transverse when* the plane of vibration ok the waves is at 
right angles to the direction of propagation, a. wave is said to be 
longitudinal when the plane of vibration is parallel. to the direc- 
tion of propagation, sound waves are long i tud i nal\ s i nce the plane 
of vibration )n sound isv^rallel to the direction ^f propagation. 

If the number of vibrations of a sound per unit of time^ is 

CALLED its FREQUENCY^ AND IF T^E DISTANCE A SOUND TRAVELS DURING THE 

Interval of time equal to the tIme for one vibration is called the 
wavelength of the sound, then the velocity of the sound would 

EQUAL THE FREQUENCY TIMES THE WAVELENGTH, If WE CAN MEASURE THE 
WAVELENGTH AND THE FREQUENCY OF A SOUND THEN WE CAN CALCULATE ITS 
VELOCITY BY MULTIPLYING THESE TWO QUANTITIES TOGETHER, StATING 

THIS mathematically: 

Velocity (V) = Frequency (f) x Wavelength (L) 

When a tuning fork is struck and held over the open end of a 

PIPE CLOSED AT ONE END, AND THE LENGTH OF THE PIPE CHANGED WHILE THE 
FORK IS HtLD IN PLACE, A POINT WILL BE FOUND WHERE THE SOUND WILL 
BECOME LOUDER* AS THE LENGTH OF THE PIPE IS INCREASED OR DECREASED 
FROM THIS POINT THE LOUDNESS OF THE SOUND WILL DECREASE,' At THIS 

point the sound is louder because the sound wave is reflected from 
tht closed end' of the pipe and arrives back at the tuning fork at 
just the right time to aid or reinforce the vibration of the fork. 
This reinforcement would occur if the sound would arrive back just 

AT the point or INSTANT THE FORK HAD COMPLETED ON-HALF VIBRATION AND 
WAS ABOUT TO COMPLETE THE SECOND HALF OF TH£ VIBRATIQN* OURiNG THE 
TIME THE FORK IS VIBRATING FOR 0nE«PALF A VIBRATION, THE SOUND WILL 
HAVE TRAVELLED A DISTANCE EQUAL TO ONE-HALF A WAVELENGTH, SiNCE THE 
SOUND HAS TO TRAVEL DOWN THE PIPE, BE REFLECTED FROM THE CLOSED 
END OF THE PIPE, AND TRAVEL BACK UP TO THE TOP OF THE PIPE AGAIN, 
THE LENGTH OF THE PiPEMUST REPRESENT ONE-HALF THE DISTANCE THE • » 
SOUND WILL TRAVEL IN ONE-HALF A VIBRATION, ThE LENGTH OF THE AlR 
COLUMN IN THE PIPE MUST THEN BE ONE-FOURTH THE WAVELENGTH OF THE . 
SOUND PRODUCED BY THE FORK, ThE LENGTH OF THE AIR COLUMN CAN BE 
MEASURED VERY EASILY AND VERY ACCURATELY, 1f THE FREQUENCY OF THE 
FORK IS KNOWN THEN IT IS VERY EASY TO CALCULATE THE VELOCITY OF 
SOUND IN AIR BY THE EQUATION: 

V = fL 

WHERE V = THE VELOCITY OF SOUND IN AlRj F = THE FREQUENCY OF THE 
TUNING FORK USED TO PRODUCE THE SOUND j AND L = THE WAVELENGTH OF 
THE SOUND THAT WAS PRODUCED. • * - 
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Part 1 

The graduate cylinders will be used as our pipe, the length of 
the air column can be varied by pouring water into the tube to make 

IT SHORTER AND BY TAKING WATER OUT TO MAKE IT LONGER. StRIKE THE 
TUNING FORK WITH THE RUBBER HAMMER AND HOLD IT OVER THE MOUTH OF 
THE GLASS TUBE. AdD WATER SLOWLY AND LISTEN FOR A REINFORCEMENT 
OF THE SOUND AS THE WATER IS POURED INTO THE TUBE. WhEN THE LENGTH 
OF THE AIR COLUMN IS CORRECT FOR THE FREQUENCY OF THE FORK BEING USED^ 
YOU WILL HEAR A VERY LOUD AND NOTICEABLE REINFORCEMENT OF ThE SOUND. 

Stop pouring the water when you hear this reinforcement. Measure 

THE DISTANCE FROM THE WATER TO THE TOP OF THE TUBE. AdD TO THIS 
MEASUREMENT .\ THE RADIUS OF THE TUBE AND YOU HAVE THE EFFECTIVE 
LENGTH OF THE AIR COLUMN. ThIS IS ONE-FOURTH THE WAVELENGTH OF 
THE SOUND PRODUCED BY THE FORK. MULTIPLY THIS LENGTH BY FOUR TO 
GET THE WAVELENGTH OF THE SOUND. ReAD THE FREQUENCY THAT IS STAMPED 
ON THE fork; this IS THE VALUE FOR "f" IN THE EQUATION ON THE PRE- 
CEDING PAGE^ Substituting these values for "f" and "L" into the 

EQUATION calculate THE VELOCITY OF SOUND AT ROOM TEMPERATURE. 

Repeat the above using two other forks of different frequencies. 
Take an average of the velocities that you have gotten with the 
different forks. 



Data and Calculations 



i 


Fork 1 1 Fork 2 


Fork 3 i 


1. Length of Air Column i 


1 "i 

1 1 




2. RaoIus of Tube 








3. Radius of Tube x 0.^ 








j \. Sum of 1 and 3 






! 5. Wave Length 

t j 


1 


6. Frequency or Fork ' | 




7. Average of the 3 VELOciTiEi^s at Room Temperature 



8. Correct Value of V 



Applications: 

1. Does the velocity of sound vary with altitude? 

2. Why would musicians be concerned with wavelengths of sound? 

3. There are several occupations that would need to know the 

NATURE OF WAVELENGTHS. NAME SEVERAL THAT YOU MIGHT BE 
INTERESTED IN. 




ENERGY - SOUND • 
Leveu: high School 



ACTIVITY: Waves in thc Ripple Tank • Part 11 

How ARE .Waves Refracted? 
When waves move from on£ medium into another, their speed usually 

changes. If they enter the second MEDIUM'AT an ANGLt OTHEf^ THAN 
90°, THE WAVEFRONT WILL CHANGE DIRECTION. ACCORDING TO SnELL^S 
LAW, THE RATIO S f NE WHERE 0, IS THE ANGLE OF INCIDENCE AND 

SINE Op 

9r is the ANGLE OF REFRACTION, EQUALS A CONSTANT KNOWN As' THE INDEX 

of refraction . 
Procedure: 

Set up a ripple tank and fill it with water to a depth of about 

2 CM. Be CAREFUL THAT THE TANK IS LEVEL. PLACE A PIECE OF GLASS 

about 30 by 15 cm on supports so that it is about 2 mm below the sur- 
face of the water. 

Place a straight-wave generator in such a way that it creates 

STRAIGHT waves WHICH MOVE TOWARD THE SHALLOW WATER OVER THE GLASS. 
As THE WAVES ENTER THE SHALLOW WATER, THEY MOVE MORE SLOWLY. ThE 
WAVELENGTH WILL BECOME SHORTER. If THE WAVEFRONT ENTERS THE SHALLOW 
WATER AT AN ANGLE, THE END WHICH ENTERS FiRST WILL BE SLOWED FIRST 
AND THE WAVEFRONT WILL BE SO TURNED THAT IT BECOMES MORE NEARLY 

parallel to the edge of the shallow water. 

Observe the pattern through a stroboscope and adjust the speed 
for a stationary pattern. 

1. do the waves in the deep and shallow water appear stationary 
at the same strobe speed? 

2. What does this tell you about the frequencies of the wave in 
deep and shallow water? 



Using a ruler, draw a line on the paper to show the edge of the 
glass plate where the shallow water begins. now lay the ruler on 
the paper in such a way that it intersects the line between deep 
and shallow water. adjust the ruler until it is parallel to the 

INCIDENT WAVEFRONTS. DrAW A LINE FROM THE DEEP-SHALLOW LINE ALONG 
THE WAVEFRONT. 

Now ADJUST THE RULER TO TOUCH THE POINT FORMED BY THE LINE YOU 
JUST DREW AND THE DEEP-SHALLOW LINE. TURN IT UNTIL IT IS PARALLEL 
TO THE WAVEFRONTS 1N SHALLOW WATER. DrAW IN THIS LINE FROM THE 
DEEP-SHALLOW LiNE. 

Measure the angle the incident wavefront makes with thc deep- 
shallow LINE. Enter this in the data table under ©j. * 

Measure the angle the wavefront in shallow water makes with the 

DEEP-SHALLOW LINE. EnTER THIS IN THE TABLE AS Qg. AlsO iMEASURE 
and record THE WAVELENGTH IN BOTH DEEP AND SWALLOW WATER AND TlJE 
FREQUENCY. 

Repeat these steps after so adju:>ting the guss that the wAvn- 

FRONT MAKES AN ANGLE OF ABOUT H^^ WITH THE OEEP-ShALLOW -L I NE . 
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Make a third set of measurements with the wavefronts hitting the 
deep-shallow line at a very large angle. 

For each set of data, compute the ratio of sine 9^/sine 
According to Snell's law, the ratio should be a constant. 

3. he*' closely does your data remain constant? 



4* Can you suggest specific reasons why your data^might not be con- 
stant 

It can be shown by geometric proofs that the ratio of sine ©i/ 

SINE Q2 equal to the RATIO OF Vi/V2, WHERE V |S THE VELOCITY OF 

the waves. 

Compute the velocities of tht waves from the equation V = fA • 
Enter them in your table and compute the ratio V^/V2 for each case. 

5. how closely do the ratios v1/v2 agree with the ratios sine 
e*^/siNE 

6. Which of the ratios is more nearly constant ? 

DATA 



Angle plate makes with wavefront 


Small 


Medium 


Large 


Incident angle @i 








Refracted angle O2 








Sine 6] 






Sine 


■ 


— __ . . . 

1 


Sine Qi/sine 92 








Wavelength ] 








Wavelength ^ 2 


1 


« 
i 


Frequency 




Velocity V] 


1 


1 


Velocity V2 




I 

i 


V1/V2 




1 

1 



Discussion 

1. An incident wave makes an angle of 3O0 with the deep-shallow line 

IN DEEP WATER AND AN ANGLE OF 2^0 |N THE SHALLOW WATER. WHAT IS THE 
CONSTANT SINE 9i/s|NE92» (ThIS IS CALLED THE INDEX OF REFRACTION.) 

2. The index of refraction for a gIven ripple tank set up is 1.35» 

If the speed of the waves in shallow water is i8 cm/sec, what is their 
speed in deep water? 

3. If the wavelength of the waves in Question 2 is 3 cm in the dee** 
water, what will be the wavelength in the shallow wa'er? 

H« WkY would a sound engineer or an architect need to aC ACQUAINTED 
WITH THIS ACTIVITY? 
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ENERGY - SOUND 
Level: High S-jhoou 



ACTIVITY; Wave Forms 
Problem : ' 

As A SUBSTANCE VIBRATES^ WAVES ARE PRODUCED IN THE MCDIUM 
SURROUNDING THE SUBSTANCE, SiNCE AlR IS ORDINARILY AN INVISIBLE 
SUBSTANCE, SOUND WAVES TRAVELING THROUGH IT CANNOT BE SEEN, HOW 
CAN TtHE WAVES PRODUCED BY A VIBRATING OBJECT BE SHOWN? 

Materials: r 
Clear glass baking dish^ at least 12 Tuning fork 

INCHES IN length. WhITE CARDBOARD 

Desk lamp Wooden blocks 

Procedure : 

Place the glass dish on blocks about 10 inches above a sheet 
OF white cardboard, being sure the dish is level. Pour not over 

1/2 INCH OF water in THE DISH. ARRANGE A DESK LAMP SO THAT IT 
shines through the V/ATER onto the cardboard, as SHOWN IN PICTURE, 

Strike the prongs of a tuning fork, and place the prongs in the 
water at one end of the dish. note the pattern of waves seen on 
the cardboard. 

Observations: 

1. Describe the appearance of the waves produced in th£ water. 



2. What part of a wave do the dark banos. represent? 



3. What part of a v/ave do jhe light bands represent? 
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What happens when the waves hit the opposite side, of the dish? 



5. 



What happens when the reflected waves meet those that are moving 
out from the tuning fork? 1 j 



Interprctatio;^ : 

Fill in the blank words in the following paragraph in the numberrd 
spaces at the right. 



Sound waves are produced whenever any form of 
MATTER (l). The part of the wave produced when the 

MOLECULES OF AlR ARE PUSHED TOGETHER IS THE (2) WAVE, 
AND THE PART OF THE WAVE PRODUCED WHEN THE MOLECULES 
ARE SPREAD APART IS THE (3) WAVE. ThE WAVES MOVE 
OUT FROM THE SOURCE |N WhEN A SOUND WAVE 

STRIKES A HARD 0BJECT,--.1-T— IS (-5 ) AND MAY- BE HEARD AS 

A (an) (6)« When reflected sound waves strengthen 

J-HE ORIGINAL SOUNDS, THEY ARE SAID TO (j) THEM; AND 
^HEN THEY WEAKEN THE ORIGINAL SOUNDS, THEY ARE SAID 

TO (8)« Unwanted echoes may be avoided by using 

(9) MATERIALS AND BY DESIGNING THE ROOM SO THAT RE- 
FLECTIONS OF SOUND WAVES ARE (lO). 



Application: 



7 



i_ 

k_ 

5. 
6_ 

7^ 
8. 

10 



Explain why the sounds you hear when you are riding in an auto- 
mobue seem different when you are driving on an open highway, on 
a narrow street, over a bridge, or through a tunnel. 



\ 
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PHYSICS - MECHANiCS 



ERIC 



Air TRAFFic Controller 
Architects ^ ^ 

Astronauts 
Railroad Conductor 
Draftsman 

Engineering Technician 
Geologist 

Industrial Engineer 
Pharmacist 
Physicist 

Elementary Teacher * 
Technical Writer 
X-Ray Technician 
Auto Parts Man 
FBI Agent 
PoLlCEM£N & Women 
Stewardesses 

Fish & Wildlife Technician 
FoRESTERY Product Technician 
Livestock Production Technician 
/ Soil Conservationist 
/ Electroplater 

Air Conditioning &. Refrigeration 

Mechanics 
aircraft Mechanics 
Composing Room Operators 
Farm Equipment Mechanic 
Industrial Maintenance Mechanic 
f^cHiNE Tool Operators 
Pattern Maker 

Production Machine Operator 
Tool &. Dye Man 

Assembler 

Furniture Upholsterers 
Jeweler Repair 
Watch Repairman 
Brick Layer 
Cement IAasoh 
Elevator Repairman 
Glazier 

Operating Engineer (construction) 
Roofer 

Signal MaintaIner 
Structural Steel Worker 
Welder 
Bookbinder 

Broadcast Technician 
Electric Typers 
Truck Driver (warehouse) 
Locomotive Engineer 
Meter Men-Women 
Photo Engraver 



Farm-crop Production Technician 

Dairy Production Technician 

Physical Chemist 

Dentist 

Editor 

Engineer 

Geophysicists 

Merchant Marine 

Physician 

Pilots 

Teacher secondary-college 

Veterinarian 

Radiologist 

Auto Salesman 

Fireman 

Shoe Repair 

Far^^Ing 

Fish Culture Technician 
Lab Animal Care Technician 
Range Management 
Soil Scientist 
Moulder 

MiLLRlGHT 

Auto Mechanic 
Diesel Mechanic 
Flight Engineer 
Instrument Maker 
Office Machine Repairman 
Printing Pressman 
Set-up Man 

Appliance Serviceman 
Dental Lab Technician 
Jewelers 

TV Technician (radio) 
Boiler Maker 
Carpenter 

Construction Laborer 
Floor Covering Installer 
Lay Out Man 
Plumber & Pipe Fitter 
Sheet Metal Worker 
Stone Mason 
TelephoI|e Repairman 
Airplane NpispATCHER 
Brakeman 
Bvs Drivers 

Gasoline Service Station Attendant 

Lithographic Occupation 

Apprentice Engineer 

Projectionist 

Power Plant Operator 
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PHYSICS - MECHANICS 



Stationary Engineer Boiler Fireman 

Stevedore Taxi Driver 

Power Dispatcher Truck Driver 
Long Shoreman 
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PHYSICS (MECHANICS) 
Level: Junior High 



ACTIVITY: How Can Pulleys Help us do a Job? 

Materials: "C" clamp single pulley 

meter stick string 

SPRING BALANCE 100 GM WEIGHT 



Procedures : 

A. Attach the "C" clamp to' the edge of a table or desk. Tie 

THE PULLEY TO THE "C" CLAMP. ATTACH ONE END OF THE CORD 
TO THE TOO GRAM WEIGHT AND RUN THE OTHER END THROUGH THE 

PULLEY. Tie the spring balance to the free end of the cord. 



B. Pull the spring balance smoothly and observe the force needed 

TO LIFT THE 1 00 ' GRAM WEIGHT, Do THIS STEP THREE OR FOUR 
TIMES TO GET AN AVERAGE, AND THEN RECORD YOUR AVERAGE IN THE 

Data Table, 

C. Place the meterstick upright on the floor and have another 
person observe the number of centimeters the weight rises 
while you observe the number of centimeters the spring balance 
moves in the opposite direction, record your readings in the 
Data Table. 

D. Tie one end of the cord on the "C" clamp. Run the other 
CORD through The pulley and attach it to the spring balance. 
Hook the weight on the movable pulley. 

E. Pull the spring balance smoothly several times to lift the 

ICO GRAM WEIGHT. RECORD YOUR AVERAGE READING, 

F. Place the meterstick on the floor in an upright position and 

OBSERVE THE DISTANCE IN CENTIMETERS THAT BOTH THE WEIGHT AND 
THE SPRING BALANCE TRAVEL, AS YOU DID IN StEP 3* YoUR 

partner will help you in the observations. record in the 
Data Table, 



Observati ONS : 



U Record your observations in the Data Table. 



ERLC 



1 


• V/EIGHT of j 


Force to 


1 , i 

Force Loss » 


Distance 


Distance 


1 


I Object 1 


Move Object 


OR Gain 


Weight 


Force 








L 


Movfco 




F IXEO 


1 ... 
> 

: 
1 










Pulley 






j \ 




1 



Movable 
.Pulley 
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Interpretations : 

!• do you always gain force when a pulley is used? explain, 



2. In step C, when the single fixed pulley was used, neither 

FORCE NOR DISTANCE WAS GAINED OR LOST. WhAT IS THE GAIN? 



3*, How MANY STRANDS ARE PULLING DIRECTLY ON THE LOAD IN THE 

FIXED PULLEY EXPERIMENT? HoW MANY IN THE MOVABLE EXPERIMENT? 



What difference does the movable pulley 


MAKE? 






What is the mechanical advantage of i;je 


MOVABLE 


PULLEY? 


When force was gained using the movable 

LOST? 


PULLEYji 


WHAT WAS 
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PHYSICS (MECHANICS) 
Level: Junior High 



ACTIVITY: Activities Using an Inclined Plane 

Materials: Board Toy car or truck 

Block String 
Spring Scale 

Procedure : 

Set up a smooth board about 1 meter long so that one end is 

about 20 CM HIGHER THAN THE OTHER. ACCURATELY MEASURE THE HEIGHT 

or THE RAISED END TO THE UNDERSIDE OF THE BOARD. FROM THIS DETERMINE 

THE THEORETICAL MECHANICAL ADVANTAGE. RECORD YOUR ANSWER: 



V/EIGH A TOY CAR OR TRUCK WITH A SPRING SCALE. MEASURE THE 
FORCE NECESSARY TO PULL THE CAR UP THE INCLINE. FrOM THESE TWO 

forces find the actual mechanical advantage: ^ 

Why is this less than the one found by using the length and 

HEIGHT? 



Put weights in the truck or change the height of the incline 

AND THEN MAKE OTHER TRIALS. On THE BASIS OF YOUR RESULTS HOW DOES 
THE FORCE REQUIRED TO MOVE THE BLOCK CHANGE AS THE MECHANICAL 
ADVANTAGE INCREASES? 




PHYSICS (MECHANICS) 
Level: Junior High 



ACTIVITY: How Does Friction Affect Efficiency? And How Can 
Friction be reduced? 

Materials: Spring balance k round pencils 

Flat board (small) Two books 

Medium-size nail 

Procedure : 

A. Drive the nail into the board near one end. Attach a 
spring balance to the nail. place one book on the board 
and pull the board gently and smoothly. observe the read- 
ing 0^ the spring balance as the board ts moving. do 
this several times. record the average reading in the 
Data Table. 

B. Place two books on the board and repeat Step A. After 
tteveral trials, kecord the average reading in the data 
Table. 

C. Next, put the four pencils under the board and put one 
book on the board. Pull the board gently and smoothly, 

AND observe the READING ON THE SPRING BALANCE AS THE BOARD 
IS MOVING. 

D. Repeat Step C, using two books. After several trials, 

RECORD THE AVERAGE READING IN THE DATA TaBLE* 

Observations : 

1. Record your measurements in the Data Table. 



Flat Surface 

I • Force Required 


Roller Surface 
Force Required 


Board with One Book [ 




, . — 

I Board with Two Books 1 
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Interpretat IONS : 

K How Dlo you reouce friction in this experiment? 



2, How DO you know that a heavier object produces more friction? 



3» how do the sizes of the surfaces touching each other affect 
friction? 



li. What are two things that waste the work put into a machine? 



5* What affect do rolling objects^ ball bearings, and lubri- 
cants HAVE ON friction? 
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MECHANICS 
Level: High School 



ACTIVITY: Pulleys (What determines the mechanical advantage of a 

SYSTEM OF PULLEYS?) 



Materials : 

2 single-sheave pulleys 
Horizontal support 
Set of hooked weights 



2 DOUBLE-TANDEM PULLEYS 

Spring balance {500 g) 
Cord 




Fig. 2 



Fig. 4 



Procedure : 

A. Single Fixed Pulley 

Fasten a single pulley to a horizontal support (Fig. l). pass 
A cord about a meter long through the pulley and fasten a 200-g 

WEIGHT R TO ONE END. HoOk WEIGHTS, , TO THE OTHER END OF THE CORD 
UNTIL THE 200-G WEIGHT IS SLOWLY RAISED. (PlaCE WEIGHTS IN A SCALE 
PAN IF WEIGHTS WITH HOOKS ARE NOT AVAILABLE.) REMOVE WEIGHTS, E? " 
UNTIL THE 200-G WEIGHT IS SLOWLY LOWERED. ' 



1. Which is larger, E^ or Eg' 



E] IS THE EFFORT INCREASED BY FRICTION, AND Eo IS THE EFFORT 
DECREASED BY FRICTION. ThE AVERAGE OF THESE TWO GIVES THE TRUE 
EFFORT E. 

2. How DOES YOUR VALUE OF E COMPARE WITH R? 



I: 



Does this arrangement give a mechanical advantage? 

How MANY STRINGS SUPPORT R? 




2il 



B. Single Movable Pulley 

Tie the end of the cord to the support (Fig* 2). Fasten a 200-g 

WEIGHT AT R AND A SPRING BALANCE AT E. ThE EFFORT IN THIS CASE WILL 
HAVE TO BE EXERTED UPWARD, FiND THE EFFORT REQUIRED WHEN THE WEIGHT 
IS BEING RAISED AND WHEN IT IS BEING LOWERED. FiND THE AVERAGE EFFORT. 
5* How MANY STRINGS SUPPORT 

Weigh the pulley on the spring balance. For R use the combined 

WEIGHT OF THE 200-G WEIGHT AND THE WEIGHT OF THE PULLEY. 

6. Why? — . 

7. What is the value of the mechanical advantage as given by 

THE ratio R/E? . 

C. One Fixed and One Movable Pulley 

Arrange two single pulleys as in Fig. 3* Use a 5OO-G weight for 

R AND FIND THE WEIGHTS REQUIRED AT E TO RAISE AND LOWER R, F|ND THE 
AVERAGE EFFORT, ThE WEIGHT OF THE LOWER PULLEY MUST BE ADDED TO THE 

weight lifted. 

8. What relation do you see between the ratio R/E and^the number 
of strings supporting r ? 

9. How DOES THE MECHANICAL ADVANTAGE COMPARE WITH THAT OF ONE 

movable pulley ? 

10. What is the use of the fixed pulley? 

D. Two Fixed and Two Movable Pulleys 

Weigh one of the double blocks on the spring balance. Arrange 

TWO DOUBLE BLOCKS AS IN FiG. FiND THE SAME DATA AS BEFORE, USING 

A 5OO-G WEIGHT FOR R. 



DATA 



A 




B 




C 




D 




Total weight lifted. R 


G 




G 




G 




G 


Effort^ weight going up^ Ei 


G 




G 




G 




G 


Effort, weight going down, E^ 


G 




G 




G 




G 


Effort, average. E 


G 




a 




G 




G 


Mechanical advantage r/E — i — 


Number of strings supporting R _ 



Discussion : 

1. What is the difference between a fixed and a movable pulley? 

2. By examining a system of pulleys, how can you determine the 
theoretical mechanical advantage? 



3, A CAR IS TO BE PULLED OUT OF THE MUD BY THE USE OF TWO DOUBLE 
BLOCKS. One block is fastened to a tree and one to the CAR. 

Shcv by diagrams two ways of stringing up the two double blocks* 
What is the mechanical advantage of each? 

MA= MA=- 



k. What careers can you discover that would really need informa- 
tion from this activity? 




256 



MECHANICS 
Level ; High School 



ACTIVITY: Archimedes' Principle-Buoyant Force (how can Archimejcs* 

PRINCIPLE BE verified?) 

Fluids exert a buoyant (upward) force on both floating and submerged 
OBJECTS. Archimedes reasoned that the magnitude of this force must 

EQUAL THE WEIGHT (DOWNWARD FORCe) OF THE FLUID DISPLACED BY THE OB- 
JECT • 

Procedures : 

A. Objects Denser than Water 

To DETERMINE THE BUOYANT FORCE OF WATER ON A SUBMERGED OBJECT 
DENSER THAN WATER^ THE OBJECT IS WEIGHED IN AIR AND WElGl;*ED AGAIN 
WHILE SUBMERGED IN WATER. ThEN^ TO VERIFY ARCHIMEDES* PRINCIPLE, 
WEIGH THE WATER DISPLACED BY THE OBJECT. EnTER YOUR DATA IN THE TABLE 

on the next page. 
- One method of weighing an object submerged in water is shown 

IN the diagram. If your apparatus is different, YOUR INSTRUCTOR 

will expla in its use. 
^4ateri als ; 

Laboratory balance Overflow can 

Catch bucket Cord 

Object denser than water Object less densk than water 

Saturated salt solution or kerosene 



To WEIGH THE DISPLACED WATER, USE AN OVERFLOW CAN AND CATCH 

BUCKET. (See diagram below.) Weigh the empty catch bucket. -Fill 

THE OVERFLOW CAN WITH WATER AND, WHEN ALL THE EXCESS WATER HAS FLOWED 
OUT^ GENTLY PLACE THE OBJECT INTO THE WATER, CATCHING THE OVERFLOW 
IN THE BUCKET. WEIGH THE BUCKET AND WATER AND SUBTRACT THE WEIGHT 
OF THE EMPTY BUCKET. 



0 



t 
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B* Objects Less Dense than Water 

To VERIFY Archimedes* princs'^le for floating objects, weigh the 

object in air, then GEkTLY PLACE THE OBJECT IN A FILLED OVERFLOW 
CAN, ALLOWING IT TO FLOAT, CaTCH THE OVERFLOW IN A CATCH BUCKET AND 
OBTAIN THE WEIGHT OF.lTHE DISPLACED WATER AS BEFORE. NoTE THAT A 
QUIfTLY FLOATING OBJECT DOES NOT MOVE UP OR DOWN, INDICATING THAT 
THE BUOYANT FORCE OF THE FLUID EXACTi}y BALANCES THE WEIGHT OF THE 
OBJECT. ^ 

If time permits, repeat procedures A and B with a liquid of 

DIFFERENT DENSITY, SUCH AS SATURATED SALT SOLUTION OR KEROSENE. 



DATA 





Water 


Second liquid 




a 


B 




B 


1. Weight of object in air 


G 


G 


G 


G 


'2. Weight of object in liquid 


G 


G 


G 


G 


Difference in weight i^1-2) 


G 


G 


G 


G 


4. Weight of empty catch bucket 


G 


G 


G 


G 


5. Weight ok bucket and displaced liquic 


G 


G 


G 


G 


6. Weight of displaced liquid C^j-^) i 


G 


G 


G 


1 Gl 



Discussion: 

1. What relation do you find between the weight of the floating body 
and the weight of water that is displaced? 



2* Was this 6ame relationship true for the second liquid? 

3. Did The object displace a greater or a lesser volume of the 
t'fjcoND LIQUID? Explain. 

4. as a ship passes from fresh water into salt water, will it 
float higher or lower in the water? 

5. a pneumatic life raft which weighs 25 lb will displace what 

WEIGHT OF WATER WHEN THERE ARE TV/0 PEOPLE WEIGHING I80 LB CACH 
IN THE^RAFT? / 

How MANY CUBIC FEET OF WATER WILL BE DISPLACED? 



6. A FLAT-BOTTOMED BOAT 10 FT WIDE AND 20 FT LONG SINKS 2 IN. 
DEEPER WHEN LOADED. HoW HEAVY IS THE LOAD? 

7. !f you were designing and selling FISHING BOATS HOW WOULD YOU 
FIND THIS ACTIVITY HELPFUL? EXPLAIN. 



MECHANICS 
Level: High School 



ACTIVITY: Water Pressure 
Problem: 

The pressure of a fluid increases as the depth is increased. How 
can we measure small changes of pressure in water? 



Materials : 
Ring Stand 

U-TUBE <& 

Rubber tube 
Ruler 

Colored water 



Ring stand clamp 
Long-stemmed funneI 
Rubber balloon 
Masking tape 
Glass jars of different 
size and shape 



Procedure : 

Cut the top off a balloon and stretch the lower half over the 
mouth of the funnel-to make a rubber diaphragm. support the u« 
tube in the ring stand and pour a little colored water into tube. ^ 
Mark one arm of the tube in centimeters to make a manometer scale. 
Connect the funnel to the other arm of the U-tube to make a simple 
manometer. Fill the glass jars nearly full with water and attach 
the ruler with tape to the side of the jar to be used first. grad- 
ually push the funnel into the water noting the rise in the manometer 

TUBE AS THE DEPTH INCREASES. REPEAT THE EXPERIMENT FOR EACH OF THE 
DIFFERENT JARS. 



Observations : 

Fill in the following table showing the depth and pressure readings. 



Depth of Water 


Reading on Manometer Scale 


in the jar 


Jar #1 


Jar #2 


Jar #S 


Jar #4 


j 1 INCH 








j 2 INCHES r 








3 INCHES j 








4 snches 










5 INCHES 










6 INCHES 











Interpretation: 

Make a graph showing the relationship of pressure to depth as 
Shown by the data in the table. 




DCPTH 
i N 

Inches 



9 
8 

7 

6 

5 
h 

3 

2 
1 

0 



; 1 

1 
I 
































^—i — ^ — 

\ 1 

















1 \ 

t ; i 


































i 








































i — 1 












I 





















3 1| 5 6 78 

Pressure on Manometer 



Applications : 

K Divers working at great depths In the water usually wear heavy 

PROTECTIVE HELMETS AND SUITS. ExPLAiN HOW THE DIVER IS PROTECTED 
FROM THE GREAT PRESSURES AT THESE DEPTHS* 



Z. There are many careers that need to be concerned with pressure. 
Name several that interest you. 
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EARTH AND WHAT IT'S MADE OF 
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EARTH XIENCE - EARTH & WHAT IT^S MADE OF 



Petroleum Engineer 

Geophysics 

oceanographer 

Teacher secondary-college 

Urban Planner 

Agricultural Extension Worker 

Farm Crop Production Technician 

Fish 1 Wildlife Technician 

forestery production technician 

Orchard Technician 

Parks Land Management Technician 

Soil Conservationist 

Core Maker 

Jeweler Repair 

Cement Mason 

Plasterer 

Structural Steel Worker 



Geologist 

Landscape Architect 
Elementary Teacher 
Technical Writer 
Agribusiness Technicians 
Dairy Production Technician 
Farming 
Forester 

LIVESTOCK Production Technician 

Horticulturist 

Range Management 

Soil Scientist 

Jeweler 

Brick Layer 

Operating Engineer 

Stone Mason 
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EARTH & WHAT IT»S MADE OF 
Level : Junior High 



ACTIVITY: Examination of soil particles and 2 of its properties. 



A. Characteristics of Soil 

Procedures : 

A, Place a small amount of soil on a sheet of paper. Examine 

THE SOIL WITH A LENS. If YOU ARE ABLE TO IDENTIFY ANY 
MINERAL PARTICLES IN THE SAMPLE WRITE THEIR NAMES IN A 
NOTEBOOK. 

B« Observe the shapes of several soil parti CL^at^-NOf Ice 

ESPECIALLY WHETHER THEY HAVE SHARP -OR^ROUND EDGES. PRE- 
PARE SKETCHES OF THE PARTICLES IN YOUR NOTEBOOK. 

c. Use the pin to line up enough particles along the edge of 
a ruler to extend for one or more millimeters* 

Interpretations : 

1. how many particles are there in a line 1 mm long? va^at 

is the average size of the particles? 

,2, What is the size range of the particles, from the biggest 

TO THE smallest? 

B. As YOU HAVE discovered FROM THIS INVESTIGATION SOIL PARTICLES ARE 
OF DIFFERENT SIZES, In THIS PART YOU WlLL^BE CONCERNED WITH ONE 
PROPERTY OF SOIL; THE V/ATER HOLDING CAPACITY OF SOlL. Th I S 

property can be related to particle size, 
Materials: (p^r team) 

dry samples of coarse gravel, f i ne sand, and clay soil 

6 small styroroam drinking cups 

transparent food wrap 

100 ml, graduated cycllnders 

RUBBER BANf;S 

LARGE METAL PAN 

FOURPENNY ( FINISHING) NAIL 

WATCH OR CLOCK WITH SWEEP-SECONO HAND 

marking pen 

Procec res: 

* a. lake 3 styrofoam cups and with a marking pen, label each one 
of the three cups a, b, and c« 



B, Use the nail to punch 10 holes in the bottom of each cup. 

It is IMPORTANT THAT THE HOLES ARE PUNCHED IN APPROXIMATELY 
THE SAME PATTERN IN EACH CUP. 

c. Fasten transparent food wrap tightly over the bottom of 

EACH cup with RUBBER BANDS. AfTER FASTENING THE WRAP 
WITH RUBBER BANDS, PULL THE FOOD WRAP UPV/ARDS SO THAT IT 
IS HELD FLAT AGAINST THE BOTTOM OF EACH CUP. MAKE SURE * 



MATERIALS: 
(per team) 



Magnifying lenses 



Straight pin 
Metric ruler 
Soil samples 
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THAT THE FOOD WRAP IS NOT WORN OR PUNCTURED j IT MUST 
HOLD WATER INSIDE THE CUPS, 

D, Now ADD THE PROPER SOIL SAMPLE TO EACH CUP, EaCH CUP 
SHOULD BE FILLED TO THE SAME LEVEL, 

E, Predict wh'ich soil sample you think has the greatest 

WATER-HOLDING CAPACITY* V/hICH HAS THE LEAST WATER- 
HOLDING CAPACITY? WRITE YOUR PREDICTIONS IN YOUR NOTE- 
BOOK, 

F, Fill a graduated cylinder with water to the highest 

MARKED LEVEL, PLACE THE CUPS IN A PAN, SLOWLY POUR 
the' WATER INTO CUP A UNTIL THE SOIL IS COMPLETELY 
SOAKED (saturated) AND A LITTLE WATER IS STANDING ON 
TOP or THE SOIL, In YOUR NOTEBOOK, RECORD THE NUMBER OF 
MILLILITERS OF WATER REQUIRED TO COMPLETELY SOAK THE 

SAMPLE, Repeat with cups B and C, 

Interpretations : 

1, Which sample has the highest water-holding capacity? 
Which sample has the lowest water-holding capacity? 

2, How does the particle size of each sample compare 
with its wateir-holding capacity? 

Procedures: 

6, Take the other 3 cups in a pan* Label the cups 

AND F, Hold the cup A over cup D, Quickly remove the 

FOOD WRAP FROM SAMPLE A AND DISCARD IT AND ANY WATER 
THAT HAS LEAKED INTO |T, ALLOW THE REMAINING WATER IN 
THE SAMPLE TO DRiP INTO EMPTY CUP D, UNTIL IT DRiPS AT 
A RATE OF LESS THAN ONE DROP IN FIFTEEN SECONDS, Re- 

/ peat for samples b and c, measure and record the 
amount of water recovered from each. 

Interpretations : 

3, What reasons can you give for any differences in the 
amount of water added to and recovered from each soil 

SAMPLE? 

4, What properties of the particles making up a soil sample 
would affect the water-holding capacity? 

5, how might the water-holding capacity of undisturbed 
soil be different from the soil samples you used? 
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EARTH & WHAT IT^S MADE OF 
Level : Junior High 



Activity: What are some scientific methods to identify rocks? 



t4ATERIALS : 

sandstone 

l imestone 
marble chips 

CALCITE 

PYRITE 

HEMATITE 



TALC 

MAGNET I TE 
NATIVE COPPER 
QUARTZ 

BOTTLE OF ACID 
MAGNET 



STREAK PLATE 

(UNGLAZED T I LE ) 

PENNY 

NAIL 

GLASS 

STEEL FILE 



Procedure : 

U Put one or two drops of acid on each of the rocks and observe 

WHAT happens, RECORD YOUR OBSERVATIONS |N COLUMN 1 OF THE 
CHART FOLLOWING, 

Z. Touch the magnet to each rock^ Record the results in column 
2. 

3, Rub EACH ROCK SAMPLE FROM 5 THROUGH 10 ON THE STREAK PLATE 

(tile). Record the color of the streak in column 3» 
1|. The hardness key given below will help you determine how hard 

EACH ROCK IS. TesT EACH ROCK SAMPLE FROM ^ THROUGH 12 TO 
DETERMINE ITS HARDNESS, RECORD YOUR FIGURES IN COLUMN 4. 



SCRATCHING ^4ATERlAL 
Scratch with your fingernail 

Scratch with a penny but not with your fingernail 
Scratch with a nail but not with a penny 
Scratch with a piece of glass but not with nail 
Scratch with a steel file but not with glass 
If it remains unscratched by any of the above 



HARDNESS 
less than 2,5 
between 2*5 and 
between*3 and 5 
between 5 and 6 
Between d and 7 
more than 7 



3.0 



What Do v/e Learn? 

K V/HICH ROCKS REACTED WITH THE ACID? CaN YOU FIGURE OUT WHY 
THESE REACTED AND THE OTHERS DID NOT? 



2. Do YOU THINK MANY ROCKS ARE ATTRACTED BY MAGNETS? WhY? 



Do ALL ROCKS HAVE STR&AKS? 



Ij. Which rock was hardest? Which was softest? 



ERLC 



5* V/hich picture on the following picture shows a test for 

LIMESTONE? V/HlCH SHOWS^A TEST FOR TALC? V/H I CH 



SHOWS A TEST FOR MAGNETITE 
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What Do We SmI 



Record your observniiona bolow. 



RocV Sample 
No. and Naine 


1 
i 

(Did it 
bubble?) 


(Was il 
attracted?; 


o 

Color 


X 

•t 

Hardnc66 


1. Sandstone 










2. Limtjstoni' 










:i. Marble 










•I. C^alrilo 










5. i'yriU* 










6. Hematite 










7. laic 










8. Magnetite 


\. '■ -y ' 








.J . ■ * ^ 

9. Native Copper 










10. Quartz 
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EARTH & WHAT IT'S MADE OF 
Level: Junior High 



ACTIVITY: Study of kinds of rocks 

Materials: (per team) 
Sedimentary rock set 
Mineral set 

BOTTUE DILUTE ACiD 

Hand lens 

SEDIMENTARY ROCKS 

Most sedimentary rocks are made of materials that come from the 
destruction of previously existing rocks. v/htn this material is 
deposited and cemented together by pressure and chemical action^ 
sedimentary rock is formed, study of sedimentary rocks can pro- 
VIDE INFORMATION ABOUT CONDITIONS THAT EXISTED LONO AGO WHEN THE 

rocks were formed. ^ 
Procedures : 

A. Study the sedimentary rocks. Compare them with a labeled 

SET TO FIND THE NAME OF EACH TYPE OF ROCK. 

B. Arrange the rocks in order according to the size of the 
particles of Ancient deposited material they contain. 
Record the names of the sedimentary rocks. The name of the 

ROCK containing THE LARGEST PARTICLES SHOULD. BE LISTED FIRST 
AND THE OTHERS ACCORDING TO DECREASING PARTICLE SIZE. BesIDE 

each name, make a small sketch of the sample, and record 
the average particle size in millimeters. 

Interpretations : 

1. Which rock was formed from particles that would settle out 

OF rapidly MOVING WATER? 

2. Which rock v/as formed from particles that would settle out 
OF slowly moving water? 

3. Which rocks were most likely formed in Arj ocean or lake? 

Procedures : 

C. For EAcfi type of rock, list the minerals you think it 

PROBABLY contains. 

0. Test each mineral with a drop of dilute acid. Observe and 

record any results and THEfi BLOT THE DROp WITH A WET PAPER 
TOWEL. 

CAUTION: ACID CAN DAMAGE YOUR SKIN AND CLOTHING. BE CAREFUL NOT 
TO SPILL IT. 

E, Test each rock with a drop of dilute acid, and record any 
RESULTS. Then blot the drop with a wet paper towel. 
Interpretat IONS : 

if. Did procedure E give information about the mineral content 

OF THE SEDIMENTARY ROCK'S? If SO, WHAT ADDITIONAL INFORMATION 
V/AS GAINED? 
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Metric Ruler 
Igneous rock set 
Metamorphic rock set 



Problem: 

The sedimentary rocks of a certain ancient river basin consist 

MAINLY OF SANDSTONES. ThERE ARE SOME CONGLOMERATES FOUND IN THE 
NORTHERN PART OF THE AREA AND SOME SHALES IN THE SOUTH. Do YOU 
THINK THE RIVERS WHICH BROUGHT THE SEDIMENTARY MATERIAL TO THE AREA 
FLOWED FROM THE NORTH OR FROM THE SOUTH? 



PLUTONIC iGNEOUS ROCKS 

Volcanic rocks are not the only ones formed from melted mater ial. 
All rocks formed from molten material are called igneous( IG-nee-us) 
rocks, a comparison of different rocks can give information about 
the differing conditions under which they were formed. 

Procedures : 

A. Examine the igneous rocks and classify them into groups 

ACCORDING TO THE CONDITIONS IN WHICH YOU THlNK THEY WERE 
FORMED, In a notebook, record what YOU THINK THESE CONDI- 
tions were and the names of the rocks in each group. 

Interpretations: 

1. Which rocks do you think were formed at the greatest depth 

AND WHICH AT THE LEAST DEPTH? GiVE REASONS TO SUPPORT YOUR 
ANSWER. 

Procedures : 

B. Examine the two rocks you have not previously studied and 

TRY TO DETERMINE THEIR MINERAL CONTENT. UsE THE MAGNIFYING 

lens if nucessary# 
Interpretations : 

2. Compared with the volcanic rocks, is it easier or harder to 

IDENTIFY THE MINERAL CONTENT OF THE TWO NEW IGNEOUS ROCKS? 
V/HY? 

3. V/HAT MINERALS DO YOU THINK ARE IN THE TWO NEW IGNEOUS ROCKS? 

4. How COULD YOU TEST- TO SEE WHETHER IGNEOUS ROCKS CONTAIN 
CALCITE? 

5. Do AMY OF THE IGNEOUS ROCKS CONTAIN CALCITE? 



METAMORPHIC ROCKS 

Preexisting rocks which are changed by heat and pressure are called 

METAMORPHIC ROCKS. MeTAMORPHIC ROCKS MAY BE FORMED FROM SEDIMENTARY 
OR IGNEOUS ROCKS. INSPECTION OF METAMORPHIC ROCKS CAN GiVE INFOR- 
MATION ABOUT THE DEGREE OF METAMORPHISM WHICH HAS TAKEN PLACE-THAT 
IS, THE AMOUNT OF CHANGE WHICH HEAT AND PRESSURE HAVE PRODUCED IN 
THE ROCKS. 

Procedures : 

A. Examine the metamorphic rocks and attempt to arrange them 

IN ORDER OF INCRE^ASING SHININESS. ASSUMING THAT ALL OF THESE 
ROCKS WERE ONCE SHALELIKE, DECIDE WHICH OF THEM HAS BEEN MOST 
ALTERED. RECORD YOUR RESULTS IN ORDER FROM LEAST CHANGED TO 
MOST CHANGED. 
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Interpretations : 

!• do all sides of the metamorphic rock samples reflect light 

EQUALLY? 

2. What mineral might account for the manner in which meta- 

MORPHIC rocks reflect LIGHT? 

3* Can you recognize this mineral in any of the rocks? If so, 

» in which ones?^ 
k. What other minerals can you recognize in the metamorphic 
ROCKS? In which of the rocks do thcse minerals appear? 

5. VynlCH OF THE METAMORPHIC ROCKS MOST CLOSELY RESEMBLES 

GRANITE? In v;hat ways? 

6. how does this rock differ from granite? 

7. Describe a characteristic structure of metamorphic rocks. 

^ O. How MIGHT THIS STRUCTURE BE RELATED TO THE PRESSURE THAT 



CAUSED THE MCTAMORPH I SM ? 
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EARTH AND WHAT IT IS MADE OF 
Level: ]jh - 9th 



ACTIVITY: What^s going on down there? 

(a simple experiment on seismology) 



Materials: Two super-slink ies 
Marking pen 



WEIGHT (lead sinker) 
PAPER 



Introduction: The only way the geologists and geophysicist can 

STUDY THE INTERIOR OF THE EARTH IS WITH THE SEISMOGRAPH, V/E GET 
INFORMATION FROM INSIDE THE EaRTH IN THE SAME WAY WE GET iNFORhJATlON 
FROM LIGHT AND SOUND IN THE FORM OF WAVES. Ano JUST LIKE A DOCTOR 
LISTENING TO YOUR CHEST, OR A MECHANIC LISTENING TO YOUR MOTOR, 
WE MUST FIRST LEARN HOW TO UNDERSTAND THE WAVES COMING FROM INSIDE 

THE Earth. 

A. MY^V/AVE CAN BEAT YOUR WAVE * 
All waves have certain things in common. Waves traveling along 

SPRINGS WILL GIVE US CLUES ABOUT WAVES IN THE EaRTH. 

Lay a super-Slinky on the floor and have your partner pull it 

IN A STRAIGHT LINE OUT TO AT LEAST 3^ FEET. ALL OF THE SUPER-Sl I NK Y, 

including both ends, should be touching the .floor. (You may have 
to go out in the hall to do this one.) give your h^nd, holding the 

END OF THE SUPER-Sl I NK Y, A QUICK JERK SIDEWAYS. Th I S SENDS ONE 
KIND OF WAVE DOWN THE Slj.lNKY. 

U Describe v/hat you see as the wave goes down to the other 



This is a crossv/ays or transverse wave. Now try another kind 
OF WAVE. Give your hand, holding the end of the. super-Slinky, a 

QUICK jerk back AND FORTH. Th I S SENDS ANOTHER KIND OF WAVE DOWN 

THE Slinky. 

2. OE^SCRIBE WHAT YOU SEE AS THIS WAVE GOES DOWN THE SLINKY. 



This second wave is a compression wave. Now let*s race them. 

Get two super-SlinkIes, side by side, stretched out straight 
to the same distance, with your partner holding down both at one 
END. At exactly the same moment, send a transverse wave down one 

AND A COMPRESSION V/AVE DOV/N THE OTHER. (If THIS IS DIFFICULT TO 
00 ALONE, YOU MAY V/ANT ANOTHER TEAM-MEMBER TO WORK WITH YOU, AND 
SOMEONE TO GIVE THE SIGNAL: "OnE-TWO-THREE • " ) 

3* Which kind oc* wave got down to the end first? 

k. If two such es start together from an earthquake, how 

WILL THEY DE :EIVED A SHORT DISTANCE AWAY? 

5. What will change if they come from a long distance away? 

B. GET THE MESSAGE 

Telephones, radios, television receivers, and record players 

all work by converting waves you CAr^ft£AM|CT INTO WAVES YOU SEE 



END. 
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OR HEAR. In order TO STUDY EARTHQUAKE PATTERNS WE MUST DETECT THE 

transverse and compression waves coming through the earth, 

Tie a weight to the end of about a meter of light string. 
Choose a weight like a lead sinker so you can attach the string at 

THE TOP CENTER. HoLD THE END OF THE STRING. ThE WEIGHT SHOULD 
HANG JUST OFF THE FLOOR, NEITHER SPINNING NOR SWINGING. SlOWLY 

move your hand from side to side, 

6. What does the weight do? 

7. Move your hand from side to side quickly. What does the 
weight do this time? 

8. If the floor moved sideways^ what do you think the weight 

WOULD DO? 

Hold a marking pen straight up and down over a piece of paper. 
Move your hand from side to side slowly as your partner pulls the 

PAPER WITH A STEADY MOTION. (Don*T TRY TO DO BOTH THINGS YOURSELF.) 

9 J Describe the marks on the paper. 

10. Pull the paper at the same speed again. How do the marks 
change when you move your hand faster? 



Primary waves 
1 :ks a.m. 1 :50 1 :51 1 :52 

I I 1 I 



Second^ary waves 

:53 1 :54 1 :55 1 i^S 1 :57 1 :58 1 :59 2:00 a.m. 
1 I I I I 1 1 I 



I I I « 

i II ' i 



RUMANIAN EARTHGUAKl 
November 10^ 19^0 



The seismograph is an instrument that draws earthquake v/aves. It 

HAS A WEIGHT, A PEN, AND A MOVING STRIP OF PAPER. IT RECORDS A 
WIGGLY LINE MINUTE BY MINUTE. JUST AS YOU GOT DIFFERENT-LOOKING 
RESULTS WHEN YOU MOVED YOUR HAND FASTER OR SLOWER, THE SEISMOGRAPH 
SHOWS A PICTURE OF THE DIFFERENT KINDS OF WAVES REACHING IT. 
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Yon rOuNO THAT COMPRCSSION WAVES MOVE FASTER THAN TRANSVERSE 

v/AVEs. They have been timed and their speeds compared. The data 
ARE IN Table No, 1. The faster^ compression wave is called the 
Primary wave. The slower, transverse wave is the Secondary wave. 



Time Between Primary 



Miles From And Secondary Waves 



Source 


' Minutes 


Seconds 


1,000 


: 2 


Ai 


2,000 


! k 




3,000 


6 


27 


4,000 


8 


00 


5,000 


9 




6,000 


10 




7,000 


1 1 





n. Look at the second column of Table No. 1. How much time 
WAS there between the first Primary wave and the first 
Secondary wave, if the seismograph was 2,0C0 miles from 
the earthquake? 

12. Look at the record of the Rumanian earthquake of November 
10, V)kO. When did the big Secondary waves begin? 
Estimate the time in minutes and seconds between the 
beginning of the Primary v/aves and the beginning of the 
Secondary v/aves. 

13. What time 0:0 you get? 
]k. V/hat oista:ice do you get? 



A MODEL seismograph MAY BE BUILT BY SUSPENDING A WEIGHT FROM 
A SUPPORT SUCH AS A RING STAND. FaSTEN A PENCIL TO THE WEIGHT SO 
THAT IT JUST TOUCHES A PAPER UNDERNEATH. BUMP THE TABLE. WhAT 

happens? 



EARTH AND UHAT (T IS MADL OF 
Level: 8th - 9th 



ACTIVITIES; Investigating rocks and minerals 



Materials: Solid granite 
Crushed granite 



Magnifier 
Teasing needle 



To The Teacher: Have the students examine a solid piece or granite* 
After a few minutes have each group obtain crushed material. The 
students are to divide the rock pieces into piles of similar looking 
materials and describe each pile. f 

Most descriptions will involve color and shape. 

Students should have at least three piles: quartz^ feldspar, 
and mica. 



MINERAL DESCRIPTION FOR THE TEACHER: 

Quartz- Transwu^ent, shiny, glassy; breaks irregularly. 

BioTiTE (micaK Black, shiny, and flaky* 

MUSCONITE (mica)- TRANSPARENT OR YELLOWISH, SHiNY, AND FLAKY. 

Feldspar- Rose, pink, milky or colorless; chunky, breaks angularly. 
Hornblende- Dull, greenish-black; elongated. 




EARTH AND WHAT J T IS MADE OF 
Level: 8th - 9th 



ACTIVITY: Internal iemperature of the Earth 

Materials: Graph paper 

Colored pencils 

Investigation 

The data given in Table I below are average temperature measurements. 
The rate of change in temperature is known as the temperature gradient, 



Table I 



OIL FIELD 


A 




OIL FIELD B 




OIL FIELD C 


kkh MtTERS 


3o°c 


^ 364 


METCRS 




' 396 


METERS 


3i|0C 


610 




r.855 




^7 


• 610 




k6 


10C0 




1300 




68 


1050 




62 


1280 


72 


• 1580 




80 


1^65 




72 


■170c 


88 


, 1830 




97 


, ^830 




Qk 


2)k0 


99 


■ 2380 




108 


2075 




102 



Int&rpretat ION : 

1, Plot the values of Table I on the graph. If possible^ use 

DIFFERENT-COLORED PENCILS FOR EACH SET OF DATA. 





3OGO - 


D 


2800 - 


E . 


2600 - 


P 


zkoo - 


T 


22C0 - 


H 


2000 - 




i8co - 


1 


1600 - 


N 






J2:00 - 


M 


"'lOCO ~ 


E 


800 - 


T 


600 - 


I 


koo - 


R 


2C0 - 


S 


0 - 



10 20 30 Ho 50 60 70 80 90 100 110 120 130 iiio 150 

Temperature in Degrees C 
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2. At the teO-METER AND 2CC0-METER LEVELS, DRAW A HORIZONTAL 
LINE WHICH INTERSECTS THE THREE GRAPHS. ThEN COMPLETE THE 
FOLLOWING TABLL* 



Oil Temp, at . Temp, at Temp, gradient 

field iico-m level 20c0-m level per kilometer 



B 



3. What is the average temperature per kilometer for the three 

OIL FIELDS? (nearest DEGREe) 

Calculations : 



K» is THE average temperature CONSTANT THROUGHOUT THE DEPTH, 
OR DOES IT CHANGE APPRECIABLY? 
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5. V/hAT is the average temperature GRADIENT PER KILOMETER OF 
DEPTH FOR EACH OF THE ThREE OIL FIELDS? 0|L FIELD A 

Oil field B Oil field C 



6. How DOES THE AVERAGE TLMPERATURE GRADIENT OBTAINED IN 
QUESTION 5 COMPARE WITH THAT OBTAINED FROM THE GRAPH? 



7* Assuming that the same gradient persists with depth, what 

WOULD BE THE TEMPERATURE AT THE CEr^ER OF THE EARTH? (ThE 

diameter of the earth 13 approximately 12,8c0 kilometers.) 
Calculations : 



8. is the estimate obtained in question 7 reasonable' 
Support your answer 



i 



EARTH AND V,HAT IT IS MADE OF 
Level : 8th-12th 



ACTIVITY: Identification of Minerals 
Materials: Minerals to be tested 

MiNclRCLOGY BOOK SUCH AS 

Dana's manual of Minerology 

Laboratory on Minerals ' 
What is a minfral? A mineral and !ts properties are determined 

BT (l) CHEMICAL COMPOSITION (thE KINDS OF ATOMS PRESENT), WH I CH IS 
FIXED WITHIN CERTAIN LIMITS^ AND (2) CRYSTAL STRUCTURE (thE ARRANGE- 
MENT or THE ATOKS). THOUGH MANY SUBSTANCES SATISFY BOTH THESE 
REQUIREMENTS, VE CO NOT ORDINARILY REGARD THEM AS MINERALS UNLESS 
THEY OCCUR IN A ,ATUr,AL STATE. 

Propert I ES 

COLOR 

The color of a mineral is usually noticed first. Though impor- 
tant IT is seldom diagnostic BY ITSELF, AS MANY MINERALS VARY WIDELY 
IN COLOR* 

STREAK 

The color of the powder from a mineral is called the streak. 

To obtain the streak, rub the mineral on a piece of UNGLA2ED PORCE- 
LAIN OR MAKE A SMALL AMOUNT OF POWDER BY SCRATCHING THE SURFACE" OF 
THE MINERAL WITH A ^^IFZ BLADE. MifiERALS HARDER THAN THE PORCEl^AIN 
OR KNIFE WILL LEA\E r^C STREAK, AND THE STREAK IN SUC ' CASES IS 
USUALLY SAID TO BE WHITE. 



HARDNESS 

The haro^eos ic determined by scratch itsrs. Oti the basis of 
these the hart'-ess scale has bee:. set up. 

Talc (softcst of all roc'<5) 1 

Gypsum 2 

Calci'^e 3 

r LUOR I TE ^ 

Apatite 5 

fcldspar o 

1<(UART2 

TopAi 

Sapphire 9 

Diamond '"^^^ 



To ROUGHLY ESTIMATE THE HARDNESS OF mK^ERALS, THE FOLLOWING VALUES 
ARE USEFUL. 



Finger nails 2.5 

Copper penny- j.O 



Knife blade 5-5 

Glass — - — - — 5»5 

Quartz — — .-y.O 
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SPECIFIC GRAVITY 

Minerals vary in weight per unit volume. Quartz and calcite 

ARE LIGHT AND GOLD AND GALTNA ARE HEAVY. An EXACT MEASURE Of Vh I S 

property is called specific gravity^ and is determined by dividing 
the weight of the mineral by the weight of an equal 'volume of water. 
Thus, when we say that gold has a specific gravity of 19, we mean 
that a cubic inch of gold weighs 19 times as much as a cubic inch 

OF WATER. 

CLEAVAGE AND FRACTURE 

Certain minerals have a tendency to cleave, producing a series 
of smooth flat surfaces. a good example of a single cleavage would 
be mica. a cleavage is the result of a crystal structure. 

If THE CRYSTAL DOES NOT BREAK ALONG A CLEAVAGE SURFACE, IT MAY 
FRACTURE. QUARTZ SHOWS NO CLEAVAGE BUT DOES HAVE A DISTINCTIVE 
SHELLSHAPED FRACTURE CALLED A CONChOIDAL FRACTURE. 



MINERAL DESCRIPTION FORM 



Color Color of Cleavage Hardness 

STREAK OR t 

Fracturl 



Other Name and 

Characte.1I STK'^^ Chemical Comp. 



USES 



J 
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CHANGES IN EARTH SURFACE 




EARTH SCIENCE- CHANGES ON EARTH SURFACE 



Petrolcum Engineer 

Geophysics 

oceanographer 

Elementary Teacher 

Technical Writer 

Agricultural Extension Worker 

Farm Crop Production Technician 

Fish & Wildlife Technician 

Orchard Technician 

Parks Land Management Technician 

Soil Conservationist 

Structural Steel Worker 



Geologist 

Meteorologist 

Surveyor 

Teacher secondary-college 
U^BAN Planner 

Dairy Production Technician 

Farming 

Forester 

Horticulturist 

Range f^NAGENiENT 

Soil Scientist 



I 
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CHANGES ON EARTH SURFACE 
Level : Junior High 

ACTIVITY: Introduction to Contour Maps 

Materials: Contour map print out 

Lab activity work sheet 

Procedure : 




j *^ iif***^ — ^ 




o 



2^5 



1. Define contour lin?:, 

2» Define contour interval. 

3. What is the contour interval of this map? 

4» Number all the contour lines 

5* What is the scale of miles of this map? 

6. By means of the scale^ measure the distance from the top of hill 
"B" TO the top of HitL "A^', 

7. Which side of the hill "A" has the steepest slope? 

8. How can you tell whether a land form has steep or gentle slopes? 

9. In what direction from hill "A" is hill "B"? 

10. What is the elevation above sea level of hill "A"? 

11. A Which of the two hills is higher? ^bHow much higher? 

12. If you climbed to the top of hill "B" from how many feet would 
you climb? 



13» In what direction is the Red River flowing? 

\\. how does a contour map show the direction in which a river is flowing? 

15. Shade the area on the map which would be under vmter if the sea level 
rose 40 feet. 

j6. Find the gradient of the Red River from point D to the oceau, 

17. Construct a profile from x to y as follows: Draw a line on the map 
FROM X TO Y. Lay a straight edge of a sheet of paper just under this 
LiNf XY. Mark the ^aper where each contour line and the Red River 
BANKS Intersect the edge. I^rk the elevation of each point on the 
PAPER. Assume the surface elevation of the river is 30 f"^et. Trans- 
fer the marks and figures to the base line xy below. Plot the eleva- 
tion OF EACH OF THESE POINTS USING THE VERTICAL SCALE GIVEN BELOW. 

Label the two hills At^o the valley. 

2C0 FT. 



1^0 



Ign 

fin 



to 
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CHANGES ON EARTH SURFACE 
Levcl : Junior High . 



ACTIVITY: Landscape Evolution &l Drainage Systems 

Materials: Die (cjce) 

Quadrille paper h 

a map of a dendritic drainage pattern 

Imagine rain falling on a smooth, sloping area of the earth's sur- 
face. Some of the drops soak into the surface, and others evapo- 
rate BACK into the ATMOSPHERE. ThE REST OF THt DROPS FLOW ALONG 
THE SURFACE. EaCH MOVES DOWNSLOPE UNTIL IT COMES TO SOME SMALL 
OBSTACLE. V/ILL THE DROP THEN PASS TO THE LEFT OR TO THE RIGHT OF 
THE OBSTACLE? It IS NOT POSSIBLE TO PREDICT THIS. SuCH AN UNPRE- 
DICTABLE EVENT IS SX\D TO BE RANDOM. In THIS INVESTIGATION YOU WILL 
PRODUCE SOME RANDOM PATHS. 

Procedures: 

A. Select one of the long sides of the paper to represent down- 
slope. Represent the downslope by a short arrow drawn par- 
allel TO AND NEAR EITHER OF THE SHORTER SIDES OF THE PAPER. 

B. Place about forty dots on the sheet of paper as follows: 
Each dot should be located at a corner of one of the small 
squares ruled on the paper; the dots should 3e spaced fairly 
uniformly, but there should be no order or pattern to them. 
The dots will represent drops which will move down the sur- 
face ACCORDING TO THE FOLLOWING RULES: 

1, In ITS TURN EACH DROP IS MOVED ONE SPACE, AND ITS PATH 

is marked by a pencil line on the paper* 

2. Before it is moved, the drop's path is determined by 

ROLLING THE DiE. A ROLL OF 1 OR 2 ON THE DiE DETERMINES 
THAT THE PATH WILL BE DIAGONALLY DOWNSLOPE TO THE LEFT, 
A 3 OR hj, THAT IT WILL BE DIRECTLY DOWNSLOPE, AND A 5 OR 

c, that it will be diagonally downslope to the right. 
(Note that the number on the die indicate direction 

Of^LY, and not distance.] 
J. In GEr^ERAL, UPSLOPE DOTS SHOULD BE ROLLED FOR AND MOVED 

BEFOR: LTiVlZH DOTS ARE MOVED. Do .NOT MOVE DOTS DOV/NSLOPE 

until all upper dots have progressed down to their level. 
Once a drop intersects the path or location of another 
drop, the two move together, and their path is represented 
by two pencil lines s i oe-by-s i de . a single roll of the 

DIE WILL DETERMINE THE DIRECTION OF THEIR JOINT MOVE. 

If a third drop joins in, the three will thereafter move 
together, and their path is marked by three parallel 
lines, and so on. 
5. Other things being equal, larger amounts of water move 

MORE READILY DO\/N A SLOPE THAN 00 SMALLER AMOUNTS. In 
order to ACCOUNT FOR THIS, THE LENGTH OF A MOVE IS DETER- 
MlfJED BY THE NUMBER OF DOTS REPRESENTED IN THAT MOVE: 

Single drops move one space each roll; two together 

MOVE TV/0 SPACES IN THE DIRECTION DETERMINED BY A SINGLE 
ROLL. 




PROCEDURCS : 

C. Roll tht. oiz and draw the paths tor the dots until all have 

MOVED OFF THE SHEET. COMPARC YOUR RESULTS TO A MAP OF AN 
ACTUAL DRAINAGE PATTERN OF DENDRIT/IC OR TRELLIS, 

InTERPRETAT I ONS 

!• In what ways does the pattern produced by moving the dots 
resemble the drainage pattern of a dendritic system? 

2. In WHAT WAYS DOES THE PATTERN YOU PRODUCED DIFFER FROM TH& 

DRAINAGE PATTERN OF A DENDRITIC SYSTEM? 
3» How MIGHT THE RULES BE CHANGED TO PRODUCE A PATTERN THAT 

CORRESPONDS MORE CLOSELY TO THE DRAINAGE PATTERN? 



\ 
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CHANGES IN EARTH SURFACE 
Level : 7"rn-10TH 



ACTIVITY: Growth of Plants in Different Soils 
Problem : 

you knov/ that the growth of most plants usually depends on the 

TYPE OF SOIL IN WHICH THEY ARE GROWN. ThUS, SOME SOILS ARE MORE 
FERTILE THAN OTHERS, WhAT ARE THE RESULTS OF GROWING THE SAME KINDS 

of plants in topsoll and |n subsoil? 
Materials : 

Two large flowerpots . Radish seeds 

Samples of topsoIl and subsoil 

Procedure : 

Locate an open field or vacant lot where the ground has not been 
culttvated^ and dig down to obtain samples of the soil, f|ll one 
flowerpot with the darker topsoll found a few inches below the sur- 
face of the ground. dig down deeper and fill the second flowerpot 
with subsoil found 12 inches or more below the surface. 

Plant about 15 radish seeds which have been soaked in water over- 
night IN EACH FLOWERPOT. WaTER BOTH POTS REGULARLY AND KEEP THEM 
IN A WARMj LIGHTED CONDITION^ BUT NOT IN DIRECT SUNLIGHT. OBSERVE 
ANY DIFFERENCES IN THE GROWTH OF THE RADISH PLANTS. 



Observations : 

Fill in the Following Table and Drav^ Conslusions. 

Plants Grown in Topsoil Plants Grown in Subsoils 



Llngth 


















or 


No, or 


' Average 


Averagc 


Average 


No. UF 


Average * 


Average 


Average 


GrO\/I NC 


Plants 


He I GHT 


f\l0, OF 


Diameter 


j Plants 


Height ' 


No. OF 


Dl AMETEi^ 


Peri OD 


Grow If jg 


OF 


. Leaves 


OF Roots 


' CrowIiig 


OF 


Leaves . 


OF Roots 






Plants 








PLAras 







h DAY3 



.' 6 DAYS 



8 



DAYS 



I 

I 10 DAYS 



12 DAYS 



, 1^ DAYS 



Why are measures taken to prevent lrosion of farm lands important as 

A MEANS OF PREVENTING ThC LOSS OF SOIL FERTILITY? 

ERIC 
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CHANGES IN EARTH SURFACE 
Level: Jr. High or High School 



ACTIVITY: Measure Amount of Soil Loss 



You CAN MEASURE HOW MUCH SOIL HAS BEEN ERODED AWAY IN SEVERAL 
WAYS. You MAY WANT TO TRY ONE OF THE FOLLOWING IN YOUR NEIGHBORHOOD: 

1. Find a cultivated field where the slope has at least a 5- 

FOOT FALL IN 100 FEET OF HORIZONTAL DISTANCE. TrY TO FIND 

a field that has been in cultivation for some time. you 
can check this information about the farm with the owner 
or the neighbors, 

Dig a small hole deep enough to get below the topsoil 
LAYER, Then cut off a slice an inch or more thick along 
The vertical side of the hole. Lay this slice on the 
ground and study it, note the depth of the topsoll layer, 
Study the structure—how the particles are held together. 
Are they tight and does the soil hold together in l^arge 
LUMPS (clods)? Or is it crumbly like cake? 

Dig another hole in the fence row at the edge of the 
field or just across the fence in a pasture that has not 

BEEN PLOWED. TrY TO DIG THZ -SECOND HOLE AT ABOUT THE SAME 
POINT ON THE SLOPE AND AS CLOSE TO THE FIRST ONE AS POSSIBLE, 

* Study the soil layers as you did with the first sample. 
Lay the two samples side by side and compare them. Com- 
pare THE DEPTH OF THE TOPSOlL LAYER AND ThE STRUCTURE 

of the soil. 

Find a field where there is a fence built across the slope. 
Compare the height of the land at the fence row with that 

IN THE FIELD DOWN THE SLOPE. To DO THIS ATTACH A STRING 
TO A STAKE DRIVEN IN THE GROUND ABOVE THE FENCE ROW, FrOM 
A SPOT DOWN THE SLOPE^ PULL THE STRING PARALLEL TO THE 
GROUND LINE ABOVE THE FENCE AND MEASURE FROM IT TO THE 
GROUND. ^ 

MEASURE THE ^^OWTH OF A GULLY. F I ND ONE 'ThA*K I S CUTTING 
DEEPER AND FARTHER INTO THE FIELD WITH EACH rAin. DrIVE 
WOODEN PEGS 10 TO I5 FEET ABOVt THE GULLY HEAD AND ON EACH 
SIDE OF THE GULLY, AFTEH EACH RAlN^ MEASURE FROM EACH STAKE 
TO THE NEAREST EDGE OF THE GULLY TO SEE HOW MUCH THE GULLY 
HAS GROWN. Do THIS AFTER SEVERAL RAINS AND COMPARE YOUR 
MEASUREMENTS TO SEE HOW MUCH THE GULLY HAS GROWN SINCE YOU 
FIRST SET THE STAKES, 8y MEASURING THE WiDTH, DEPlH^ AND 
LENGTH OF THE GULLY^ FIGURE OUT HOW MANY CUBIC FEET OF 
SOIL HAVE BEEN LOST* 
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Interpretation: 

Soil washed from a field is not necessarily lost forever. But 

FOR ALL practical PURPOSES IT KAY BE LOST FOR A VERY LONG TIME. 

The soil fills the bottom of a lake, for example, is still soil, 

BUT it is useless FOR AGRICULTURE. So I L THAT IS PILED DEEPLY AT THE 
LOWER EDGE OF A FIELD COVERS OTHER SOIL, MAKING IT USELESS. AnD SOIL 
THAT IS CARRIED TO THE SCA M ^.LLg TifERE, TURN TO ROCK, AND LATER BE 
Q RAISED FROM THE OCEAN FLOOR PH|lOGIC ACTION TO EE BROKEN DOWN 

AGAIN INTO SOIL, 



The first person to suffer from loss of soil usually^ though 
not always^ is the farmer. many experiments have shown that in 

GENERAL THE DEEPER THE ORIGINAL TOPSOIL THE HIGHER THE YIELD OF CROPS* 

In Missouri topsoil 12 inches thick produced 6k bushels of corn 

PER ACRE while TOPSOIL k INCHES DEEP PRODUCED j8 BUSHELS. ThE SOILS 

were side by side and received the same treatment. 

In Washington^ wheat yielded 35 bushels per acre on topsoil 

11 INCHES DEEP, BUT ONLY 23 BUSHELS ON TOPSOIL 5 INCHES DEEP. 

So THE FARMER LOSES WHEN HE LOSES TOPSOlL. HiS CROP YIELDS 

GO DOWN. The cost of producing each bushel of grain or pound of 

MEAT GOES UP. AnD^ HE MAKES LESS MONEY OR qVEN LOSES MONEY. 

People who do not live on the land depenp on the farmer to grow 

THEIR FOOD. ThE SURPLUS THAT HE GROWS BECOMES THEIR THREE MEALS 

A DAY. Actually^ whole civilizations depend ion this surplus. 
The primary prcduc-rs—the farmers — must supf^ily a surplus of fooo^ 
clothing^ shelter^ and other necessities before the artisans^ engi- 
neers^ scientists, philosophers^ writers^ anoiothers can live. 
Few nations ever advanced their civilization while all their people 
produced their own fooo^ clothing, and shelter directly from the soil. 

We can find plenty of evidence THAT COUNTRIES THAT LOST THEIR 

ability to produce a surplus actually lost their civilizations too. 
All across the continent of Asia and into Europe and North Africa, 

FOR example^ you CAN FIND CENTERS OF FORMER CIVILIZATIONS THAT ARE 
NOW AMONG THE BACKWARD AREAS OF THE WORLD* IT IS TRUE THAT CON- 
QUERING HORDES THAT REPEATEDLY OVERRAN THESE COUNTRIES SACKED AND 
RAZED THE CiTlEr,. BuT WHERE SOIL AND OTHER RESqURCES REMAINED THE 
CITIES WERE USUALLY REBUILT. !T WAS ONLY AFTER ^HE LAND WAS DEPLETED 
OR EXHAUSTED THAT THE FIELDS BECAME BARREN AND THE CITIES WERE NOT 
REBUILT. 

How 8ADLY HAS EROSION HURT AMERICA? ACCORD^G TO THE BEST INFOR- 
MATION WE NOW HAVE^ 25 MILLION ACRES OF LAND ONCEI SUITABLE FOR 
CULTIVATION HAS NOW BEEN LOST. EvERY YEAR WE ARE^ LOSING ANOTHER 
ilOO^OCO ACRES iO EROSION AND ICO^OCO ACRES TO WAT^RLOGG I NG^ SALTING, 
AND SEDIMENT DEPOSITION, 1n ADDITION TO THESE LOSSES^ EVERY YEAR 
MORE THAN A MILLION ACRES ARE BEING TAKEN OUT OF AGRICULTURAL USE 
AND PUT INTO HIGHWAYS, URBAN DEVELOPMENT^ AIRPORTS^ AND OTHER NON- 
AGRICULTURAL USES* 

V/HAT ABOUT THE LAND WE NOW HAVE? Of OUR TOTAL. OF k'j8 MILLION 
ACRES NOW IN CJLTI VATlONj- 121 MILLION IS SUBJECT Td A CRITICAL RATE 
» OF DAMAGE. ANOTHER 1 28 MILLION IS SUBjECV TO SERIOUS DAMAGE. 
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CHANGES IN EARTH SURFACE 
Level: Jr. High or High School 

ACTIVITY: The Field Trip to Study the Changes in thl Earth's Surface 
Although, certain aspects of geology can best be treated in the 

LABORATORY^ IT IS STILL AS TRUE AS EVER THAT THf.S IS A FIELD ScTenCE. 
To THE BEGINNER IN GSOLOGY^ THE FIELD TRIP IS SUPERIOR TO THE VAR- 
IOUS VISUAL AIDS USED IN THE CLASSROOM. 

It is IMPORTANT THAT EACH MEMBER OF THf. CLASS DISCOVER THE RE- 
QUIRED INFORMATION FOR HIMSELF. SYSTEMATIC NOTE TAKING IS ESSENTIAL 
AS IS THE COLLECTION Or ROCKS^ MINERALS^ AND FOS^^ILS^ WHICH SHOULD 
BE LABELED* Go AS A DISCOVERER^ NOT AS ONE TO BE SHOWN. RECORD IN 
YOUR MINC AND IN YOUR FIELC NOTEBOOK WHAT YOU YOURSELF SEE^ NOT WHAT 
SOMEBODY ELSE TELLS YOU HE SEES^ NOR WHAT ANOTHER SUGGESTS YOU OUGHT 
TO SEE. Ask for the instructor's help if you FAIL TO SEE WHAT OTHERS 
SEE. 

It 15 OBVIOUSLY IMPOSSIBLE TO OBSERVE GF.OLOGICAL PHENOMENA IN 
THF SAME ORDER AS THAT IN WHICH THEY ARE TREATED IN THE CLASSROOM 
AND LABORATORY. FaCTS WH I CH MAY NOT AT THE TIME DE UNDERSTOOD MUST 
THEREFORE BE KEPT IN M I ND UN" I L THE APPROPRIATE POINT IS LATER 
REACHED WHEN THEY MAY SERVE AS ILLUSTRATIVE MATERIAL OR A5i THE 
BASIS, FOR CONCLUSIONS. FOR THESE REASONS CAREFUL FlELD NOTES SHOULD 
BE TAKEr. AND SHOULD BE CONFINED^ IN GENERAL^ TO STATEMENTS OF OBJECTS 
AND RELATIONSHIPS ACTUALLY OBSERVED. YoUR NOTES SHOULD BECOME A 
PART OF ThI CLASS NOTEBOOK. 

The. FOLLOW I (*G GEriERAL QUESTIONS ARE TO GE AM^WERCD FOR EACH TRIP! 

1 . Purpose 

2. V.HAT IS THE GECGRAPHlC LOCATION OF THE AREA? 

3. DESCRID^ the T PO^RAPHY OF THE ARCA, I.E.^ FLAT^ UNDULATING, 
PLATEAU;, MCUNTAinOUS, . ILLY, Af-D ITS ORAlNAoC. 



\VhAT is the PHYoiCGRAPH^C AGE OF THE REGKN'. 

5^ What physiographic developmemt: way occur \ti this reoio::: 

Gl VL r<£AS NS. 

6. What is the 3CCl?gic history or the area? 

7. Does the area have a,ny economic importance? What is it? 
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CHANGES IN EARTH SURFACE 
Level: Jr. High or High Schoou 



ACTIVITY: Investigating Change 

Materials: Piece o^hallte, larger than 1 cm* 

This enables the student to investigate the variety or changes 
A single substance can undergo ano to relate some of the processes 
producing these changes to natural earth changes • 
CAUTION 

U DO NOT TELL STUDENT WHAT THE MATERIAL IS: 

2. CAUTION STUDENTS TO PRACTICE CCt^ON SAFETY PROCEDURES UHEN HE 
CHANGES HIS EARTH MATERIAL* 

Procedure : 

Tell the student that he is to try to change the earth material 

IN AT LEAST THREE WAYS. LEAVE THE METHODS UP TO HiM. (You MAY 
WISH THE STUDENT TO TAKE THE MATERIAL HOME.) HAVE EACH STUDENT 

submit a report for class discussion. 

The student's results may include dissolving in water, freezing, 

CRUSHING, heating ETC. 

Why W0U5.0 the people in agriculture, geology, geophysics and 

RELATED FIELDS BE INTERESTED IN UNDERSTANDING HOW EARTH MATERIALS 
CHANGE? 
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ANCIENT EARTH HISTORY 
Level: Junior High 



Activity: Interpretation of Rock Layers 
Material: Lab activity sheet with diagram 

Procedure: Study the diagram. Number the sedimentary rock layers 
according to age^ starting with the oldest as #1# Then answer the 
questions. 




LIMESTONE SHALE CONGLOMERATE SANDSTONE IGNEOUS 



U Which of the two dikes is the oldest? How 

CAN YOU determine THIS FACT FROM THE DIAGRAM ? 



2# Explain the geologic history of this region. Include as much 
descriptive detail as possible. 



3*. Which of the layers represent shallow water deposits? 



Which of layers represent deep water 



DEPOSITS? 



1|# What occupations can you name where a person might do this type- 
of activity? ^ — 
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ANCIENT EARTH HISTORY 
Level: Junior High 



ACTIVITY: Interpreting Evidence 

Materials: Fireclay or patching plaster 
Paper dishes 
Assorted objects 

Students are sometimes skeptical of reconstructions made from fossil 
EVIDENCE. Development of such reconstructions depends more upon de* 

DUCTION AND PAST SCIENTIFIC WORK THAN UpON PURE GUESSWORK, AND STU- 
DENTS MAY BE MADE AWARE OF THIS THROUGH ATTEMPTING SOME RECONSTRUCT* 
TIONS OF THEIR OWN. THROUGHOUT THE RECONSTRUCTION PROCESS, STUDENTS 
SHOULD BE ASKED TO DISTINGUISH BETWEEN THEIR OBSERVATIONS AND THEIR 
DEDUCTIONS DRAWN FROM THE OBSERVATIONS, ThEY MAY, THUS, BECOME MORE 
AWARE OF THE AMOUNT OF DEDUCTION WHICH IS INVOLVED IN EVERYDAY OPEN- 
AND-SHUT CONSLUSIONS THEY MAKE. AnD THEY MAY ALSO BETTER APPRECIATE 

the processes by which paleontologists, artists, and others working 
with fossils prouuce the sketches and descriptions of organisms 
which lived in the past. 

Procedures: 

A. Prepare a set of imprints of a tirs print, top of a full 

POP CAN, SCREWS & BOLTS, & A TWISTED ROPE. PLACE AN IDENT- 
IFYING NUMBER ON EACH IMPRINTED PLATE. 

B. Show one of the objects, say a tire print, to the class and 

INVITE DISCUSSION ABOUT IT. ThIS WILL ALLOW THE STUDENTS TO 
RECOGNIZE THE TYPES OF OBSERVATIONS, INTERPRETATIONS, AND 
CONCLUSIONS WHICH MIGHT BE MADE CONCERNING EACH SPECIMEN. 

C. In THEIR NOTEBOOKS STUDENTS SHOULD WRITE THE NUMBER OF THE 

imprint and notes concerning it for reference in discussion* 
Suggested discussion points for four imprSnts are as follows: 

Sample Discussion Points: 

1. A geometric design, probably a tire print: It may have been 

MAOE BY A WHEELED VEHICLE OR SIMPLY BY A TiRE. In MANY PARTS 
OF THE WORLD, OLD TIRE SECTIONS ARE MADE INTO SANDALS, SO THE 
PRINT MAY HAVE BEEN MADE BY A PERSON WALKING. ThE NATURE OF 
THE "vehicle" (automobile, BICYCLE, MOTORCYCLE, AIRPLANe) 

might be deduced by someone familiar with tread designs. 
The pattern of wear on ths tread might give some indication 
of the particular vehicle involved, just as a tracker may 

BE ABLE TO RECOGNIZE AN ANIMAL WITH A LIMP. ThE SPACING 
OF THE PRINTS, I F KNOWN, MIGHT GIVE INSIGHT INTO THE NATURE 
OF THE VEHICLE (oR THE PEDESTRIAN WEARING SANDALs), JUST 
AS GROUPS OF FOSSIL FOOTPRINTS TELL MORE ABOUT THE SIZE AND 
GAIT OF THE ANIMAL INVOLVED THAN DOES A SINGLE PRINT. 

2. A CIRCLE WITH DESIGN WITHIn: STUDENTS MAY KNOW, FROM THEIR 
EXPERIENCE WITH SOFT-DRiNK CANS, THAT THIS IMPRINT COULD HAVE 
BEEN MADE BY SUCH A CAN. ThEY SHOULD NOTE THAT ONLY THEIR 
EXPERIENCE WITH REAL CANS ALLOWS THEM TO INTERPRET THE PRlNT# 
In THEORY THE PRINT COULD HAVE BEEN MADE BY A DISK ONLY A 
FEW CENTIMETERS THICK OR BY THE END OF A CYLINDER MANY METERS 
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LONG. It is familiarity with soft-drink containers which 

WILL suggest to MOST OBSERVERS THAT A CAN WAS INVOLVED. 

The existence of the pull top, intact, suggests that the 
container was full, but it is possible that it was opened 
with a can opener at the other end. presence or absence 
of a seam might indicate whether the can was made of alu«^ 
mlnum or steel. since aluminum cans have been introduced 

RELATIVELY RECENTLY, THE LACK OF A SEAM MIGHT SUGGEST A 
DATE PRIOR TO WHICH THE iMPRlNT COULD NOT HAVE BEEN MADE. 

A GROCERY CLERK, FAMILIAR WITH VARIOUS CANNED BEVERAGES, 
MIGHT BE ABLE TO TELL WHAT BRAND IT WAS OR ELIMINATE BRANDS 
IT COULD NOT HAVE BEEN. A STUDENT LACKING SUCH KNOWLEDGE 
OFFHAND, MIGHT BE ABLE TO IDENTIFY THE PRINT BY COMPARING 
IT TO CANS IN A MARKET. PALEONTOLOGISTS KEEP COLLECTIONS 
OF FOSSILS IN MUSEUMS FOR MUCH THE SAME REASON. 

A REGULAR PATTERN, PROBABLY THE ImPRINT OF A BOLT! EVEN 
THOUGH THE OBJECT ITSELF IS NOT PRESENT, STUDENTS MAY SUGGEST 
THAT IT WAS PROBABLY MADE OF METAL. ThE METAL MIGHT HAVE 
BEEN BRONZE OR STEEL, SINCE SOFTER METALS (sUCH AS LEAD AND 
copper) ARE NOT OFTEN USED IN THE MANUFACTURE OF BOLTS. 

Close inspection of a high quality imprint might show 
thread wear, cross threading, stripping, or other evidence 

OF USE. 

Bolts of various designs are commonly used for different 
purposes. a wood screw is of different shape that a machine 
screw or a metal screw* carriage bolts, with square shanks, 
are often employed for joining wood to metal. 

Dimensions of the bolt might tell whether it was of 
American or European manufacture* The relationships between 
head and body sizes of bolts have changed periodically. 
Knowing this and given a^ccess to new and old catalogs, a 
student might be able to date the bolt within, perhaps, 
twenty years. 

The size of the bolt suggests that it was intended to 
JOIN pieces of material a few centimeters thick and not 

LARGE GIRDERS OR THIN SHEETS OF METAL* 

A REGULAR, REPEATED PATTERN, PROBABLY A TWISTED ROPE; A 
MICROSCOPIC EXAMINATION OF THE CAST MIGHT GIVE EVIDENCE AS 
TO WHETHER THE ROPE WAS OF SMOOTH, SYNTHETIC FIBER, OR 
ROUGHER, NATURAL FIBER. ThE NATURE OF THE FIBER WOULD GIVE 
A ROUGH INDICATION OF THE ROPE'S WORKING STRENGTH AND POS- 
SIBLE APPLICATION. {T WOULD ALSO GIVE, IN SOME CASES, A CLUE 
TO THE AGE OF THE ROPE. RopES OF NATURAL FIBER (hEMP AND 

Manila) have been used for many years and are still being 
produced, whereas synthetic ropes were not common until 
twenty-five years ago. working with fossils, paleontolo- * 
gists are still more likely to solve problems in dating 

IN THE OPPOSITE SENSE: ThE APPEARANCE OF A NEW TYPE (E.G., 
SYNTHETIC ROPE) IS USED AS A RELATIVE DATE (twENTY-FIVE 

years ago, or later than natural fibers)* 

Students may see that collections of Imprints, of the 
same or of various types of items, supply more evidence 
for dates than single, isolated finds do. 
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Knowledge of the locale \w which the specimen was collected 
IS USEFUL* An imprint found near a shoreline might represent 
a piece of line used to tie up a boat, whereas an imprint 
from near a deeply rutted mudhole on a back road would sug- 
gest a towrope. 

Different ropes are made for different uses; they may 

HAVE THREE OR FOUR LAID (tWISTEd) STRANDS; THEY MAY BE OF 

braided or woven materials or of continuous fibers enclosed 
in sheaths. 

Knots in the rope would give further clues as to the use 
of the rope, and frayed or broken strands would suggest the 
amount of use before the imprint was made. 

From these and other examples students may, quite correctly, 

REACH THE CONSLUSlON THAT THERE IS A GREAT DEAL OF "DETECTIVE WORk" 
INVOLVED IN INTERPRETING IMPRINTS, BUT THAT IT CAN BE LOGICALLY AND 
INTELLIGENTLY DONE. PERHAPS THE POiNT TO BE MADE IS THAT THERE IS 
A LOT OF DEDUCTION INVOLVED IN EVERYDAY, NONSC I ENT I F I C LIFE. ThE 
DIFFERENCE BETWEEN THE SCIENTIST AND THE NONSCIENTIST IS NOT THAT 
ONE GUESSES AND THE OTHER DOES NOT. It IS MORE THAT THE SCIENTIST 
IS AWARE OF THE FACT THAT HE IS MAKING DEDUCTIONS, WHEREAS THE 
NONSCIENTIST MAY FALL INTO THE TRAP OF CONSIDER.-NG COMMONLY MADE 
DEDUCTION TO BE FACTS OR OBSERVATIONS. 

An INTERESTING DISCUSSION CAN BE BUILT AROUND THE QUESTION, 

What things in your daily life do you know as facts with absolutely 

NO guesswork or DEDUCTION INVOLVED? You MAY WISH TO RECALL CLASS 

DISCUSSION IN Section One of statements that are based on fact or 

BASED ON MODELS. 




Range or Results 

An imaginative student should develop several defensible hy- 
potheses. One of the most common is that two animals met and fought. 
There is no real reason to assume that one animal attacked and ate 
the other, certain lines of evidence— the quickened gaits^ circular 
pattern, and disappearance of one set of tracks—do seem to bear 

THIS OUT, It MIGHT, HOWEVER, HAVE BEEN A MOTHER PICKING UP HER BABY, 

Many explanations are possible. The description and temperament of 

THE ANIMALS INVOLVED ARE OPEN TO QUESTION, InDEED*, WE LACK THE 
EVIDENCE TO SAY THAT THE TRACKS WERE MADE AT THE SAME TIME, ThE 

Intermingling may be evidence that both tracks were made at one 

TIME, BUT IT COULD BE ONLY A COINCIDENCE, PERHAPS ONE AnIMAL 
PASSED BY AND FLEW OFF, AND THEN THE OTHER CAME ALONG, WE STILL 

cannot say, 

Suggested Additional Investigations 

you can have more discussions on interpreting cerles of events 
using animal prints students find out-of-doors and reproduce for 
THE CLASS, Don't forget to look for human footprints, 

i 




ANCIENT EARTH HISTORY 
Level: 8th-9th 

ACTIVITY: Investjgating a footprint puzzle 

Advance Preparation: 

Make an overhead transparency of the footprjnt puzzle. Have 

A BLANK PIECE OF PAPER ON HAND TO MASK THE PUZZLt WHEN IT^S ON 

the projector. 
Time requirements: 

PRE-LAB 5 MINUTES 

Lab 30 MINUTES 

Post-lab • 10 minutes 

Pre-Lab Discussion: 

SIMPLY POINT OUT TO THE STUDENTS THAT THEY WILL BE ATTEMPTING 
TO RECONSTRUCT HAPPENINGS FROM THE GEOLOGIC PAST. In THIS INVESTI- 
'GATION STUDENTS WILL FORM SEVERAL DEFENSIBLE HYPOIHESES. As MORE 

evidence becomes available the hypotheses must be modified or 
abandoned. 

Notes on Procedure: 

Use a blank piece of paper to slide across the transparency 

AND REVEAL ADDITIONAL PUZZLE SECTIONS. BeGIN BY PROJECTING THE 
FIRST PART OF GUIDE. Be RECEPTIVE TO ANY REASONABLE HYPOTHESES 
STUDENTS OFFER TO EXPLAIN THE FOOTPRINTS. As YOU SHOW THE NEXT 

section of the transparency students will 3ee that the first 
hypotheses need to be modified and new ones probably can be added. 
Next project the complete puzzle and ask students to interpret 

WHAT HAPPENED. A KEY POINT FOR STUDENTS TO RECOGNIZE. !S THAT THE 
CONCLUSION MUST BE BASED ONLY ON THOSE TENTATIVE HYPOTHESES THAT 
STILL APPLY WHEN ALL or THE PUZZLE IS PROJECTED. Any INTERPRETA- 
TION THAT IS CONSISTENT WITH ALL THE EVIDENCE IS ACCEPTABLE. 

Should it become necessary to prod the students' thinking and 
stimulate the discussion^ the qukstjons bilow may help. students 
should give evidence for th^ir answers • 

1. In WHAT DIRECTION? DID THE ANIMALS MOVE? 

2. Did they change thcir speed and direction? 

. What might have changcd the footprint pattern? 

. Was the land level or irregular? 

5. Was the soil moist or dry on the day these tracks were made? 

6. In what kind of rock were the prints made? 

7. Were the sediments coarse or fine where the tracks were made? 

The environment of the track Area should also be discussed. If 
dinosaurs made the tracks, the climate probably was warm and humid. 
If students propose that some sort of obstruction prevented the 
animals from seeing each other, this might suggest vegetation. Or, 
perhaps the widened place might suggest a slope. speculate on the 

CONDITION OF THE SURFACE AT THE TIME THE PRINTS WERE MADE. WhAT 
CONDITIONS WERE NECESSARY FOR THEIR PllESERVATlON? 
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Levet: Jr. High or High School 



ACTIVITY: Making Artificial Scoimcntary Rock 

Fossils arc most frcqucntly found in s£dim£ntary rocks. Such rocks 
wcrc forhco by layers of scdlmcnt uio down millions of ycars ago« 

The FOLLOWING ACTIVITY WILL HELP YOU UNDERSTAND HOW SEDIMENTS SETTLE 
In WATER TO FORM LAYERS • 

Procedure : 

Obtain a large, tall jar. Mix some coarse soil, sand, or gravel 
with some finer sand and soll« fill the jar with water and then 
pour the mixture into |t» allow the jar to stand for several days 
or until the water above the settled particles is completely cl£ar« 
Note that the coArse, heavy particles settled to the bottom first« 

Add more of the sand, soil, gravel and water mixture. Add 

ADDITIONAL UYERS UnTIL THE JAR IS NEARLY FILLED. ThE LAYER STRUC* 
TURE IS EASILY OBSERVED THROUGH THE GLASS. 

An ARTIFICIAL SEDIMENTARY ROCK CAN BE MADE BY REPEATING THE 
PROCEDURE DESCRIBED ABOVE AND ADDING A LITTLE CEMENT TO EACH MIXTURE 
OF SAND J SOlLj GRAVEL^ AND WATER* UndER NATURAL CONDITIONS CERTAIN 
MATERIALS ARE PRESENT THAT ACT AS THE CEMENT. 

When a oar with cement koxiZx> to the uyers is fulLj invert it 

AND ALLOW IT TO DRY THOROUGHLY. NOW BREAK THE JAR AND REMOVE THE 

artificial sedimentary ROCK. Bring the rock to class and compare 

IT WITH others made BY YOUR CUSSMATES. 




ANCIENT EARTH HISTORY 
Level: Jr« High or High School 



ACTIVITY: You Can^t See the Forest for the Rocks (making a fossil 
impression) 

We live in a world that is full df many^ many different kinds 
of living things* there are people««and pengu i ns**and porcupines-* 
and pine trees--and paramecia* 

We find organisms living in a drop of water—in an Inch of soil*< 
and on mountain tops* 

Even though there are many different kIHos of living things^ 
you have probably discovered that: all living things are composed 
OF CELLS. And all living things can be classified into related 

GROUPS* 

These statements lead us to some very important questions* How 
did the different kinds of living things come to be? How oid the 
different kinds of living things come to be separated into related 

OROUPS? 

A« A Dinosaur in my Tank? 

Millions of years ago^ there were animals called dinosaurs 

THAT roamed THE EARTH* YeT THESE DiNDSAURS ARC NOT KNOWN TD BE 
ALIVE TODAY. WHAT PPOOF DO WE HAVE THAT DINOSAURS EXISTED? 

LET^S take ANOTHER EXAMPLE. ThE gIRAFFE DID NOT ALWAYS HAVE 
A LONG NECK AND LONG LEGS* In FACT^ AT ONE TIME THE GIRAFFE LOOKED 
LIKE today's horse* BuT WHAT EVIDENCE DO WE HAVE TO PROVE IT? 

You NOW HAVE SOME BACKGROUND FOR OUR PROBLEM^ As YOU HAVE 
LEARNED^ A SCIENTIST OFTEN MAKES A PREDICTION TO HELP FIND THE 
POSSIBLE ANSWER OF A PROBLEM* ThIS IS WHAT YOU ARE TO DO* 

1* What do you think has been happening to living things 

OVER millions AND MiLLIONS OF YEARS? 
You HAVE JUST MADE YOUR PREDICTION* BUT IT IS JUST AN EDUCATED 

GUESS* Your guess must now be tested* A scientist must produce 
data or evidence that will either support or reject the prediction* 

2* What evidence do you think scientists have that will 
support the prediction you made in "v? 

B* It's Preserved in Rock 

Obtain two blocks of modeling clay* Take one block of clay and 

DIP ONE OF ITS LARGE SURFACES IN A SOAP .SOLUTION* LAY THtS BLOCK 

on the table with the soapy surface facing up* 

Obtain a plastic model df an animal from the teacher and dip 

IT INTO THE SOAP SOLUTION* ThEN PRESS THE MODEL HALFWAY DOWN INTO 
THE CLAY BLOCK* IMAGINE THAT YDU ARE LOOKING AT AN ANIMAL THAT DIED 
MANY MILLIONS OF YEARS AGO* NoW DIP THE END OF A PENCIL iNto THE 
SOAP SOLUTION AND PRESS IT INTO THE CLAY BLOCK SO THAT AN OPENING 
WILL BE FORMED FROM THE PLASTIC MODEL TO THE EDGE* 
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Dip one of the large surfaces on the other block of clay into 

THE soap solution, ThEN PRESS THiS BLOCK ONTO THE FIRST BLOCK FIRMLY, 

This second block represents sediment that buried the dead animal. 

• Usually, most organisms that die are either eaten or destroyed 
by decay. But sometimes burial in sediment preserves the animal for 

MILLIONS OF YEARS FROM DECAY AND THE ATTACK OF SCAVENGCRSc ThERE 
ARE SCIENTISTS WHO LOOK FOR AND STUDY THESE PRESERVED ANIMALS. 

Carefully separate the two halves. This action would never happen 
so fast IN nature. Normally^ the earth would slowly wear away or 

THE SCIENTIST WOULD CAREFULLY PiCK AWAY AT THE SEDIMENT TO FIND 

THIS HIDDEN TREASURE, WhAT YOU SEE iNSlDE YOUR CLAY BLOCKS REPRESENTS 

an animal that has been preserved for millions of years. 

3. What do you call an organism or a part of an organism that 

HAS BEEN PRESERVED FOR MILLIONS OF YEARS? 
. Not all ORGANISMS ARE PRESERVED IN THIS WAY, HOWEVER. 

Remove the plastic model and the pencil* Dip the same two sur- 
faces IN THE SOAP AGAIN. NoW PLACE THE TWO BLOCKS OF CLAY TOGETHER 

in its original position. 

Using the melted wax which has been prepared, pour the wax into 

THE HOLE AT ONE END OF THE BLOCKS. SeT IT ASIDE TO DRY. 

In POURING WAX INTO THE CLAY, YOU ARE REPLACING THE ORIGINAL 
MOLD OF THE ORGANISM WITH ANOTHER MATERIAL. In NATURE, THIS SUB- 
STITUTION TAKES PLACE AS WATER AND CHEMICALS ORIP THROUGH TINY HOLES 
IN THE SEDIMENT. 

AFTER TWENTY MINUTES, CAREFULLY PRY APART THE TWO CLAY BLOCKS 

to reveal the wax cast or model. 

4. What does the cast represent? 

This is only one way in which prehistoric organisms can be 
preserved. 

C. The Record of Life 

5. What do you call an organism, or a part of an organism, that 
has been preserved through time? 

6. How DOES examining prehistoric remains help us to understand 
about the past? 

7» What is one form or evidence that scientists have been able 
TO "dig up" to support the prediction you made in question 

1? 
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ANCIENT EARTH HISTORY 
Level: High School 



ACTIVITY: 
Demonstration 

a common type of foss i l i zat ion results when the hard parts of an 
organism have additional minerals deposited in their pore spaces. 
This process is known as permineralization , Permineralization can be 

DEMONSTRATED WITH A COMMON CELLULOSE SPONGE (a BRIGHTLY COLORED DNE IS 
best) and SOME PARAFFIN. MELT THE PARAFFIN AND SATURATE THE SPONGE WITH 

IT. Allow the paraffin to harden and (Examine the sponge. Cut it into 
PIECES to see Inside. 

The paraffin in the voids in the sponge has made it more resistant 

TO PHYSICAL AND CHEMICAL CHANGE. ThE PARAFFIN IS ANALOGOUS TO THE 

minerals deposited by ground water when perm t neral ization occurs* 

Demonstration ^ 

Carbonization is another common type of fossilization^ especially 
for plant remains. even the most delicate structures are recorded in 

considerable detail by THE THiN FILMS OF CARBON. ARTIFICIAL CARBON IM- 
PRINTS OF LEAVES CAN BE PREPARED AS FOLLOWS: EtIBED A LARGE LEAF IN ABOUT 
AN INCH OF CEMENT IN A DISPOSABLE PLATE. LeT THE CEMENT DRY. BAKE 
IT IN A HOT OVEN FOR TWO HOURS. BrEAK IT OPEN WITH A SHARP BLOW ON THE 
THIN EDGE OF THE CEMENT. A CARBONIZED IMPRESSION WILL BE VISIBLE. 
If you have a demonstration collection of fossils^ compare THE ARTIFICIAL 
CARBON IMPRINT WITH A NATURAL CARBON IMPRESSION. HoW DO THESE DIFFER 
FROM OR RESEMBLE EACH OTHER? WHICH OF THEM MORE CLOSELY RESEMBLES A 
LEAF? 
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ANCIENT EARTH HISTORY 
Level: 9th 



ACTIVITY: Comparison of Teeth in Fossils 
Problem : 

you have learned that classification and relationships of 
various forms of plant and animal life are based on structural 

SIMILARITIES* ThE SKELETONS OF MODERN AND THE FOSSILIZED REMAINS 

of horse-like animals have been studied to find similarities* 

For example, how does the teeth structure in these skeletons compare? 

Invest I GAT I or4: 

According to scientific Evidence, modern horse (genus Equus ) 

DEVELOPED THROUGH A SERIES OF HORSELIkE ANIMALS FROM A PRIMITIVE 
FORM (genus 0ROHIPPUs )-THAT EXISTED ON EARTH MANY MILLIONS OF YEARS 
AGO, The various animals of this series are classified in DIFFERENT 
GENERA, AS SHOWN IN THE CHART ON THE NEXT PAGE, BUT ALL OF THEM 
ARE MEMBERS OF THE HORSE FAMILY ( EqUIDAE ), ThE SPAN, OR DISTANCE, 
FROM THE SECOND PREMOLAR TOOTH TO AND INCLUDING THE THIRD MOLAR 
TOOTH, HAS BEEN MEASURED IN MANY SKULLS OF THESE VARIOUS HORSELiKE 
ANIMALS, The average results are shown in the CHART ON THE NEXT 

PAGE, (It is not necessary to learn the scientific names of the 

VARIOUS ANIMALS,) 




ERIC 



302 



iii 



Interpretations: 

In the following groups of statements, place the letter of the 
term which correctly completes each statement in the space provided. 

U The EARLIEST FOSSILIZED REMAINS OF HORSELIKE ANIMALS SHOWN IN 
THE CHART ARE THOSE OF (a ) EpiHiPPUSj (b) PLIOHIPPUS ^ (c) OroHIPPUS^ 

(d) Mesohippus ^ 

2. The form of horselIke animal that existed about 30 million years 

AGO IS called (a) EPiH IPPUS 5 (b) PARAHIPPUSj (c) MESOHiPPUSj (d) 

Pliohifpus . 

3^ The total increase in the span of the cheek teeth of horselike 

ANImAUS shown in the chart is AQOUT (a) 15 CM, (b) 13 CM, (c) 11 CM, 

\p) 9 CM. — M.,— 

\. The most rapId change in the span of the cheek teeth of horselike 

ANIMALS TOOK PLACE ABOUT (a) 5-10 MILLION YEARS AGO, (b) 10-15 MILLION 
YEARS AGO, (c) 15-20 MILLION YEARS AGO, (d) 20-25 MILLION YEARS AGO, 

5» The SPAN CF the cheek teeth In the modern horse compared to the . : * 

EARLIEST HORSELIKE ANIMALS SHOWN IN THE CHART IS ABOUT (a) 8 TIMES 

AS GREAT, (b) 6 TIMES AS GREAT, (c) \ TIMES AS GREAT, (o) 2 TIMES AS 

GREAT* — — 

6* In the last 20 million years, the span of the cheek teeth in hcrse- 

LIKE ANIMALS INCREASED ON AN AVERAGE OF ABOUT (a ) 5 CM, (b) 4 CM, (c) 
3 CM, (d) 2 CM. 

7. The least change in the teeth of horselike animals took place 3e- 

TWEEN THE (a ) EPIHIPPUS AND MeSOHIPPUS> (b) PARAHIPPUS AND MeRYCHIPPUSj 

(c) Merychippus and Pliohippus^ (d) PliohIppus and Equus* 

8. The span of the cheek teeth in horselike animals doubled in the 

past (a) 25 MILLION YEARS, (b) 20 MILLION YEARS, (c) I5 MILLION 

YCARS, (d) 10 MILLION YEARS. — 

9^ In the early development of horselike animals, the span of the 

CHEEK TEETH INCREASED ABOUT 3 CENTIMETERS BETWEEN THE (a ) MeRYCHIPPUS 

AND Eoyus, (b) Parahippus and Merychippus J (c) Mesohippus a nd Para** 
Hippus ^ (d) Orohippus and Mesohippus . 

10* In comparing the time it took for the changes in the span of the 

CHEEK TEETH IN HORSELIKE ANiMALS, THE INCREASE FROM ^1.3 CM TO 8.3 CM, 
WHEN COMPARED TO THE INCREASE FROM 8.3 CM TO 12*3 ^M, TOOK ABOUT (a) 
2 TIMES AS LONG, (b) \ TIMES AS LONG, (c) 6 TIMES AS LONG, (d) 8 TIMES 
AS LONG« . ■ 

Application: 

Skeletons of ancient manlike Animals have been found And studied by scientists. 
Describe how the length of the jaw in these primitive skeletons compares with 
the length of the jaw in modern man. 
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EARTH SCIENCE - ATMOSPHERE-WEATHER 



Air TRArric Controller 

Geographer 

Geophysicist 

Merchant Marine 

oceanographer 

Pilots 

Teacher secondary-college 
Computer Operators 
Dairy Production Technician 
Farming 

Fish Culture Technician 

forestery production technician 

Orchard Technician 

Parks Land Management Technician 

Soil Conservationist 

Flight Engineer 

Cement Mason 

Electrical Repairman 

Lineman 

Plumber & Pipe Fitter 
Sheet Metal Worker 
Structural Ste^l Worker 
AIRPLANE Dispatcher 
Power Dispatcher 



Astronauts 
Geologist 

Ground Radio Operator 
Meteorologist 
Photographer 
Elementary Teacher 
Technical Writer 
Agricultural Extension Worker 
Farm Crop Production Technician 
Fish & Wildlife Technician 
Forester 

Livestock Production Technician 

Horticulturist 

Range Management 

Soil Scientist 

Brick Layer 

Telephone Installer 

Glazier 

Plasterer 

Roofer 

Stone Mason 

Telephone Repairman 

Taxi Driver 

Truck Driver 
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ATMOSPHERE & WEATHER 
Leveu: Junior High 



ACTIVITY: What Conditions affect Heat Absorption by Soil? 



Materials: (per team) 
three ml beakers 
three thermometers 
three cardboard covers for beakers 
at least a ijo watt light bulb with 
socket and cord 



TWO PINTS OF DARK SOIL 

ONE PINT OF LIGHT-COLORED SOIL 

WATER 

KN IFE 



Procedure : 

A, Fill one beaker with light-colored, dry soil and the other 

TWO WITH DRY, DARK SOlL. LABEL THE BEAKERS A, B, AND C. 

B, Pour enough water In one of the dark soil samples to make 
IT MUDDY* Stir the mixture constantly, 

C» Cut a hole in the middle of each cardboard cover large enough 

TO PUSH a thermometer THROUGH ♦ PLACE A COVER OVER EACH 
BEAKER AND PUSH THE THERMOMETER ABOUT HALFWAY INTO THE SOIL, 

D, Place the beakers around a 150-watt light bulb, about 3 

INCHES FROM THE BULB. 6E SURE ALL THE BEAKERS ARE EQUALLY 
DISTANT FROM THE BULB, 

E, Take a reading, every three minutes, of each thermometer 

AND RECORD THE TEMPERATURE BELOW, REPEAT 10 TIMES, 



WHAT DO WE SEE? 

1. With the information you have gotten together, make a graph 
using the following symbols: 



LIGHT-COLORED DRY SOIL^ 
DARK-COLORED DRY SOIL [ 
DARK-COLORED WET SOIL ' 



JD 



JD 



JD 





! 1 " " 


1 ! 
















1 , 
































i 


i ! 1 














1 














r ! 


1 — \ — 










f 


! 1 




























— i — 1 — \ — 








i 

1 


1 


1 1 J 


[ 1 ! 








1 


, J — J — i — n 


1 > 









T 
£ 
M 
P 
E 
R 
A 
T 
U 

r% 
rv 

E 



TIME IN MINUTES 



ERIC 



30 




Zlo 



WHAT DO WE LEARN? 



1. Explain the pattern of your graph « 



2. In which beaker did the temperature rise the most? Explain 
why this was the case. 



3* In which soil sample oio the temperature -^ise the least? 
Explain why you think this was the case. 



4. Ir YOU GOT WET IN THE RAIN, WOULD YOU TEEL COLO? WHY? 



5# Would the same kind or change happen to the soil sample that 

was WET? — ^ 



6. In the summer is it better to wear light or dark CLOTHING? 

WHY? ^ 



7^ Does the color of clothing worn affect body temperature? 



8. Does the color of soil affect its temperature? Why? 
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Station 


A 


B 


c 


0 


E 


r 


Wind direction 




N . 






S 


NW 


Wind Spee£ (knots) 3-7„ 




...23-27 ■ 


Calm_ . 


_29.-3i 


• . 1-2 


Cloud coverage 


Clear 


Overcast Overcast 


Clear 


ScatteredOsscured 


TEMPERATURE 


77 


26 


. 78 . 


60 . 


80 


50 


Visibility 


20 Miles 


.1 Mi.t£ . 


. iuMiLfs 


. 30 Miles 


...8 Miles 


0 - 


Current 














Weather 




Snow 


■ Drizzle 






Fog 


OCW POINT 




18 


62 


55 


63 


■ 49 


Pressure 


1034.5 


• 998.6 


1021.5. . 


J. 1005-.-6. 


1033.3 


r 995.8-. 


Pressure 








+6 


48 




Change 


Steady 


-5 


-3 


Steady 


Past weather 




Snow 


Rain 


, Thunder- 




Rain 



storm 



Amount or 

PRECIPITATION 



None 



.8 



None 



Shower 
.6 



PROCEDURE : 

Construct station Mr>r»r. - 

THE WEATHER SYMBOL KEY AND Luo. PMVfDEO. REFER TO 

^ AND SAMPLE STATION MODEL. 
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ATMOSPHERE • WEATHER 
LevcL: High School 



ACTIVITY: Absorption and radiation or £n£roy: Land and Wat£r 

PURP03£: To S££ WH£TH£R UAKD AND WAT£R Dirr£R IN TH£ ABSORPTION 

and radiation of h£at £n£rqy* 
Background ; 

TH£ CONTlN£NTS AND ISLANDS OF TH£ EARTH COMPRISE ONLY ABOUT 0N£«> 

rouRTH or ITS surface. The remaining three^fourths is water* If 
these two materials— land and water— differ in their ability to 
absorb and retain the heat energy transmitted to them by the sun^ 
this would explain in urge meaaurt the great differences in the 
weather and climate of coastal regions as against regions in con- 
tinental interiors* 

In this investigation^ we shall compare the temperature changes 

THAT OCCUR ON A SMALL \anO^* SURFACE AND A SMALL WATER SURFACE^ FIRST 
AS THEY ARE WARMED BY THE RADIATION FROM AN INCANDESCENT BULB SERVING 

AS THE •^sun". And then as they cool off after the sun "sets"* 
Materials: 

Small beakers (about 2^ c*c«) or deep dishes or bowls: desk lamp 
OR cLlp«ON lamp; Incandescent bulb (at least 100 watts); thermometers 
(range at least O^C to or 3E^F to 122^F); ring stands and 

clamps; sand or soil; water* 

Procedure : 

Take two small beakers (or deep dishes or bowls)* Half fill one 
beaker with water at room temperature* Fill the second beaker with 
sand or soil to the same level* pvt the two beakers close together, 

BUT NOT TOUCHING* PLACE THE ELECTRIC LIGHT (sWITCH OFF) DIRECTLY- 

over the center point between the two beakers, about one foot above 
the water and soil surfaces* 

Place one thermometer in the soil with its bulb just below the 
SURFACE* Place the second thermometer at exactly the same level 

IN THE WATER* WHEN BOTH THERMOMETERS SHOW THE SAME READING— WHICH 
SHOULD BE JUST ABOUT ROOM TEMPERATURE— RECORD THE READING IN THE 
TABLE BELOW, SWITCH ON THE BULB, AND THEN RECORD THE READINGS OF 
BOTH THERMOMETERS EVERY TWO MINUTES FOR TEN MINUTES* 



At the end of 10 minutes switch off the light. Continue to 
record the thermometer readings for 10 more minutes* 

Plot the readings on graph paper, using two different kinds of 

LINE TO represent THE TWO DIFFERENT MATERIALS* 


Light On 


Light Off 


tiME (MINS*) 0 2 4 6 


8 10 12 lit ifc lb to 


Water 




Land 
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38 
36 

32 
30 
28 
26 
24 
22 
20 



101 

97 

9k 

90 
86 
82 

79 
75 
72 



2 4 6 8 10 12 14 

TiHE IN MiNUTtS 



16 18 20 
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Ahalysis or Oast rvat ions; 

U AdCORPTlON OF HCAT tNCRQY 

Did the two hater ials warm at the same ^ateT Ir hot^ 

WHICH WARt4E0 OP FASTER ? HoW MANY OF YOUR CLASSMATES (TCAMS) 

HAVE RESULTS THAT AGREE WITH YOURS ? HOW MANY DIFFER? , , . 

^^^^^^ On the BAS55 OF THESE RESULTS, WHAT MAY YOU SAY REOAKOINQ THE 
REUTIVE ABILITY OF LAND AND WATER TO ABSORB RADIANT ENERQY? 



2# R.\DSA?I0N or HEAT ENERGY 

0:o THS LAND MIO WATER COOL OFF AT THE SAME MJtl If 
NOT, WHiCK CCOLr.D 0?P FASTER? H OW Df^D YOUR CLASSMATES RESULTS 

AGREE W»T:: yOU^^S? C n THE BAS^S OF THESE RESULTS WHAT CAN YOU 

SAY nECARD'.NG 'iME PATE AT V/HlCH UNO AND WATER LOSE HEAT? 

WSAT HCAtQils'''^^0{} gIvE FOR THE DIFFERENT RATES AT WHICH UNO AND 

water ab?,op,0 a: id lose keat? 

3* Application to the earth 

What ^^ffect will the different rates of heating and cooling or 

LAND AND WATER HAVE ON THE SUMMER WEATHER OF INUND PLACES AS COM- 
PARED WITH COASTAL PUCES? 



WkiAT EFFECT WILL THERE BE ON THEIR WINTER WEATHER? 



k. \^T CAREERS DO YOU THINK WOULD NEED TO BE FAMILIAR WITH THE 
CONCEPT OF THIS ACTIVITY? LlST# 
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ATMOSPHERE « WEATHER 
Lcvcl: High School 



ACTIVITY: WEathcr Forccastinq 
Problcm : 

Fairly reliable weather forecasts may be made from your understand I nqs 

OF THC PRINCIPLES OF WEATHER FORMATION AND YOUR KNOWLEDGE OF MEASURING 
TECHNIQUES^ ThESE PREDICTIONS SHOULD NOT BE CONSIDERED VALID FOR MORE 

than 12 to zk hours* how may amateur weather forecasts be made? 

Materials: / 

Either an aneroid or mercuxial^ barometer Thermometer 

corrected for the altitude vh^re the wind vane 

reading is made hygrometer 



Procedure : 

Make a table on separate shi:e?s of paper on which to record the 
following data at least once each day for several weeks : 

a) BaROMiCTER READING 

b) Direction of movement of the barometer 
|c) Wind direction 

io) TrPE OF CLOUD FORMATION 
e) Relative humidity (outdoor) 
f) Temperature 

Provide a column on your data table for your prediction for each 
DAY. In the next column^ record what the actual weather was for that 
day and compare the two to determine the accuracy of your prediction* 
Using the data given in the key below^ the prediction may easily be 

MADE. 



Interpretation: 
A* Cloud Formation 

Cumulus or altocumulus 

Cumulonimbus 

Dense cirrus with hooked ends 
Altostratus following cirrostratus 

B# Barometer Tendency 
Falling rapidly 
Falling slowly 
Rising rapidly 
Rising slowly 



Weather Indication 
Fair 

Rain OR thunderstorm 

Rain 

Rain 

Weather Indication 
Approaching cold front 
Approaching warm front 
Passing colo front 
Colo air mass in area 




Wind 

SW TO fA^ 

SW TO 
SW TO 
SW TO 
S TO SE 
S TO SE 
SE TO NE 
SE TO NE 



NW 
NW 
NW 



R^ROMETER Reading 
Steady at 30*1 
Rising above 30. 1 
Stationary above 30.2 
Falling from 3O.2 
Falling slowly from 30.2 
Falling rapid ly from 3 0,2 
Falling slowly|HIH|.2 
Falling RAPioLTfRW^0*2 
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Weather Indication 
Fair 

Fair followed by change 
Fair 

Fair with rising temperature 
Rain 

Rainj winds 
Rain 

Rainj winds 
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E TO NE 
E TO N£ 
SE TO NE 
SE TO NE 
S TO SW 
S TO E 
E TO N 

Moving to west 
after storm 



Falling slowly but above 
Falling rapidly below 30 
Falling slowly below 30 
Falling rapidly below 30 
Rising slowly 
Falling rapidly 
Falling rapidly 
Rising 



30 windy, overcast 
Rain 

Continued rain 
Rain, wind 
Fair 
Storh 

Sz\€R€ Storm 

Clear iNG, fair, cooler 
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ATMOSPHERE - WEATHER 
LevcL: High School 



ACTIVITY: It^s Not the »cat} It^s the Humidity 
Procedures : 

A« Clean Hands for Science 

We know there is water in the air; every rainstorm tells us that. 
We have some ideas about how it gets there. The hint comes from 

EVERY clothesline. THE CLOTHES DO GET DRY. MaYBE DRYING CAN TELL 
US SOMETHING ABOUT WATER ENTERING THE AIR« 

Make your hands equally wet. They should not be dripping. 
Keep your left hand still at your side. Swing your right arm around 
IN A CIRCLE. Keep it up for at least thirty seconds. 

1. fk>y LOOK at your two hands. Which is drier? 

2. Which hand is colder? 

There are more ways of getting rid of water than by just waving 
it away. Add about 20 ml of water to a flameproof dish or beaker. 
Place it over a burner and heat it. 

3. After a short time, what has happened to the water? 

6. Wet Wind, Dry Wind 

WNen we waved wet hands around, the water went into the air. 

W^EN WE HEATED WATER, IT WENT INTO THE Akh* HOW CAN WE GET SOME 

of this water back? 

Take a shiny metal cup. Fill it half full of water. Add 

pieces of ice until it is almost full. now keep looking at the 

outside surface of the cup. 

K What happens after a while? 

a car is sometimes wet early in the morning even though it 
didn't rain. 

5. What do you think happened to the car's temperature during 
the night? 

So drops of WATER FORM ON COLD SURFACES. It HAPPENS ON CARS 
AND COLD CANS FROM THE REFRIGERATOR. It EVEN HAPPENS ON EYEGLASS 
LENSES. E3UT WHAT HAPPENS WHEN IT RAlNS? THERE ARE NO COLD METAL 
CUPS UP IN THE AIR. WE SEE CLOUDS AND KNOW THEY BRING RAIN, SNOW, 

AND HAIL. Clouds form in air. Air may be warm or cold. Let's 
COOL S08E air and see what happens. 

Fill a jar about one«quarter full of warm water. Tie some 

PIECES OF ICE IN A PIECE OF CHEESECLOTH. MAKE THE BUNDLE LARGER 
THAN THE MOUTH OF THE JAR. PLACE THE BUNDLE OF ICE ON THE MOUTH 
OF THE JAR AND OBSERVE THE JAR FOR A FEW MINUTES. 
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6. What is happening inside? 

7* What is floating around in the air that might be missing in 

THE JAR? 

Light a splint and let it burn for a moment. Blow out the 
flame so the splint glows. lower the glowing splint into the jar 

FOR 1 OR 2 SECONDS^ TH£N REMOVE IT* PlACE THE BUNDLE OF ICE ON 

the mouth of the jar. 

8. Observe the jar for a few minutes. What is happening inside? 

9. What did we do to the air in the jar to get this result? 

10. What did the glowing splint add for the fog to form around? 
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WATER AND SUPPLY 
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EARTH SCIENCE • WATER 4 SUPPLY 



Architects 
PCTROLCUM Engineer 
Geophysicist 
Merchant Marine 
Elementary Teacher 
Technical V^iter 
Fireman 

Dairy Production Technician 
Farming 

Fish Culture Technician 

FoREsTERY Production Technician 

Orchard Technician 

Parks Uno Management Technician 

Soil Conservationist 

Power Plant Operator 

Boiler Fireman 



Astronauts 
Geologist 

Landscape Architect 

oceanographer 

Teacher secondary«college 

Urban Punner 

Agricultural Extension Worker 
Farm Crop Production Technician 
Fish & Wildlife Technician 
Forester 

Livestock Production Technician 

Horticulturist 

Range Management 

Soil Scientist 

Stationary Engineer 

Power Dispatcher 
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WATER SUPPLY (underground) 
Level: Junior High & Above 



ACTIVITY: How large a watershed would be required for your town? 

Materials: Geological survey map with location of gaging 
stations in your area 
Summary of statistics pertinent to the gaging 

STATIONS you WANT TO USE 

Introduction to Teacher: This activity could be a part of a 
community unit on water or could be a separate activity, a 
teacher would need to relate this activity to their own local 
situation. 

Procedure: 

All fresh water on the surface of the earth once fell as 

PRECrPITATION«*RAIN^ SNOW^ OR IN OTHER FORMS* PART OF THE 
PRECIPITATION EVAPORATED AND RETURNED TO THE ATMOSPHERE AS 
WATER vapor; PART OF IT WAS CONSUMED BY PLANTS AND VEGETATION 
AND THROUGH THE PROCESS OF TRANSPIRATION RETURNED TO THE ATMO- 
SPHERE A3 WATER VAPOR, WATER THUS RETURNED TO THE ATMOSPHERE 
IS COMMONLY REFERRED TO AS "nATURAL WATER LOSs". It IS THE 

remainder of the precipitation after this natural water loss 
has been subtracted^ that feeds our streams and supplies man 
with water for his many needs. 

Has it ever occurred to you that water is a form of crop, 
like corn? you have seen statistics on the number of acres of 
productive land required to supply each person with his neces- 
sary requirements of food. likewise, a certain number of acres 
of land is required per person to supply the water needs of 

THAT PERSON, AN INTERESTING ACTIVITY MIGHT BE TO DETERMINE 
HOW LARGE AN AREA IN YOUR GENERAL VICINITY WOULD BE REQUIRED 
TO SUPPLY YOUR TOWN OR COMMUNITY WITH WATER. SUPPOSE YOU LIVE 
IN A TOWN OF 10,000 POPULATION, AND WE ASSUME THAT THE USE OF 
WATER IS 100 GALLONS PER DAY PER CAPITA. YoUR TOWN WOULD USE 
1,000,000 GALLONS PER DAY, OR 365,000,000 GALLONS PER YEAR. 

Your problem is to determine the water-productivity of the 

LAND IN YOUR GENERAL VICINITY. ThE GEOLOGICAL SURVEY CAN SUP- 
PLY YOU WITH A SMALL MAP OF YOUR STATE, SHOWING THE. LOCATION 
OF GAGING STATIONS ON SOME OF THE PRINCIPAL STREAMS. A GAGING 
STATION IS A POINT WHERE THE FLOW OF A STREAM IS ACTUALLY MEA- 
SURED WITH SPECIAL KINDS OF EQUIPMENT. A CONTINUOUS RECORD 
OF THE FLOW IS KEPT, SO THAT IT IS POSSIBLE TO COMPUTE THE 
VOLUME OF WATER THAT HAS PASSED THE GAGING STATION IN ANY ONE 

day, month, year, or whatever period of time is desired. 

In addition to the map, the Geological Survey can furnish 
you a sheet showing the names of the gaging stations whose 
locations are plotted on the map, and a summary of the statis- 
TICS PERTINENT TO THESE STATIONS. ThE STATISTICS YOU WILL 
WANT TO USE ARE DRAINAGE AREA AND AVERAGE DISCHARGE IN ACRE-FEET. 



Before we go further^ these terms should be defined. The 

TERM "drainage AREA" AS USED HERE MEANS THE AREA^ EXPRESSED IN 
SQUARE MILES^ OF THE DRAINAGE BASIN ABOVE THE GAGiNG STATION* 
A DRAINAGE BASiN CAN BE COMPARED TO AN IRREGULAR SHAPED BOWL 
THAT IS OPEN ON ONE SiDE* ThE MAIN STREAM OCCUPIES ROUGHLY THE 

middle of the bowl and flows out through the open side* trib- 
utary streams flow down the sides of the bowl in the general 
direction of the main stream^ into which they eventually empty* 
"Average ()|scharge" is the average volume of flow^ over a period 
of ycars--either some specified period^ or the entire period 

DURING WHICH RECORDS HAVE BEEN COLLECTED AT A GIVEN GAgING 

station. Average discharge m\y be expressed in terms of flow 
stated^ in cubic feet per second (cfs) or in acre-feet per year. 
An "acre-foot" of water is the amount of water required to 

COVER an acre of FLAT SURFACE TO A DEPTH OF ONE FOOT* HeNCE 
AN ACRE-FOOT. OF WATER IS EQUIVALENT TO 325^821 GALLONS* 

To. DEMONSTRATE HOW '/HESE FIGURES CAN BE USED^ SUPPOSE 
YOU LIVE IN NORTH'rCENTRAL OhIO^ AND UPON EXAMINING THE MAP ^ 
YOU FIND THAT GAGING STATION 30^ ON THE SANDUS^Y RIVER NEAR 

Fremont, j? the nearest station* You would find that its 
drainage area is 1,2^, square miles and its average discharge 

IS 661,000 ACRE-FEET PER YEAR. DIVIDE 66l,O0O BY 1,2^18 AND 
YOU GET ACRE-FEET PER SQUARE MILE PER YEAR AS THE AVERAGE 

DISCHARGE (XF SANDUSKY RiVER. HOWEVER, THESE COMPUTATIONS 
ASSUME. THAT ALL TH^ FLOW OF THE 5TREAM, EVEN DURING FLOODS, 
CAN BE STORED FOR LATER USE* It IS NOT PRACTICABLE TO STORE 
ALL THE FLOW,. FOR MANY REASONS* HeNCE, IN ORDER TO MAKE THE 
RESULTS MORE REALISTIC, ASSUME THAT ONLY ONE-HALF THE COMPUTED 
YIELD CAN BE STORED. In TH I S EXAMPLE, THEN, YOU WOULD ASSUME 
THAT 265 ^CRE-FEET PER YEAR IS AVAILABLE FOR STORAGE FOR YOUR 
Ml'NICIPAL NE£;i)S* 

To. COMPUTE THE SIZE OF DRAINAGE BASIN NEEDED TO SUPPLY 
YOUR HYPOTHETICAL TOWN WITH WATER, YOU NEED TO CONVERT THE 
365>00O,000. GALLONS PER YEAR USED BY YOUR TOWN TO ACRE-FEET 

per year,^and then compare the result with the yield of the 
Sandusky River* Dividing 365>000,000 gallons per year by 

325,82^1 gallons per acre-foot, you- would get 1,120 ACRE-FEET 
PER YEAR AS THE AMOUNT USED. ThEN BV ASSUMING THAT A STREAM 
IN YOUR GENERAL VlCiNlTY YIELDS THE SAME AS THE SaNDUSKY RIVER, 
YOy CAN DIVIDE 1,120 ACRE^FEET PCR YEAR BY 26$ ACRE-FEET PER 
YEAR PER SQUARE MILE AND OBTAIN 4.2 SQUARE MIL^S AS THE SIZE 

OF "watershed" needed to supply your town* . 

As YOU MAY SUSPECT, THE EXAMPLE PRESENTED IN THIS OUTLINE 

IS SIMPLIFIED* In actual practice, many variable physical. 

FACTORS MU:*T BE ACCOUNTED FOR IN DESIGNING A PROJECT THAT 

utilizes the flow of a stream. finally, we call attention 
to the fact that this example pertains to streamflow only. 
Many municipalities obtain part or all of their water from 
wells, which presents an entirely different problem, 




WATER AND SUPPLY 
LevcL: Jr« High or High School 



ACTIVITY: Measure the Slope of a Field 

Slope is expressed in percent^ meaning the number of units the 
land falls (or rises) in 100 units of horizontal distance* you 
can measure how steep a slope is with some simple materials* 

you will need a yardstick^ a straight stick otactly 5^ inches 
long, and a carpenter^s level or a flat bottle half full of a colored 
liquid* go out on a playground or to any place you would like to 
know how steep the slope is* place the ^o^lnch stick horizontally 
oh the ground (one end will be higher than the other because of the 
slope)* Put the level (or the bottle) on the 50-Inch stick, and 
hove the free end of the stick up or down until the bubble (or the 
water) shows that the stick is level* 

Read on the yeardstick the distance from the ground to the 

BOTTOM EDGE OF THE HORIZONTAL STICK* ThIS READING IN INCHES, 

multiplied by 2, gives the percent of slope* 

If you use a stick 100 inches long, then the reading on the 
yardstick would give the percent of slope and you would not need 
to multiply by z. 

Interpretation: 

Slope is a very important land feature* It often determines 
whether a piece of land should be used for grass, trees, or cul- 
tivated crops* 

The size of particles moved by water ranges from the smallest 
clay partscles, carried in suspension, to large stones and boulders 
that slide or roll along on steeply sloping stream beds* 

Water flows slowly over a gentle slope and rapidly over a steep 
ONE* Since the slope of a field itself cannot be changed, a farher 
needs to do what he can to slow the hovehent of water down his slopes* 
Growing grass or trees, or using conservation heasures like contour 

FARHING AND STRl P-CROPPlNG WILL HELP* Or HE MAY SHORTEN THE LENGTH 
OF SLOPE BY BUILDING TERRACES AND DIVERSIONS* 

But REDUCING THE SPEED OF THE WATER IS ESSENTIAL* 

Increasing the velocity of a stream increases its cutting or 

ERODING POWER. ThE GREATLY MAGNIFIED POWER OF SWIFT CURRENTS AS 
COHPARED WITH THAT OF SLOW ONES EXPLAINS THE WORK OF STREAHS AT 
FLOOD STAGE ON STEEP SLOPES* 



I OA. : 



321 



WATER AND SUPPLY 
Level: Jr« High or High School 



ACTIVITY: See How Capillary Water Moves Through Soil 
Materials: 

3 olo-rashloned lamp chimneys or glass or plastic cylinders plus 3 
small pans or low wide^mouthed guss jars^ some thin cloth^ and 
some string or rubber bands* 

Procedures : 

Fasten the cloth over the top of the lamp chimneys or the cylin» 
DERs« Turn them upside down and fill z^Ch three«fourths full with 

one of the FOLLOWING DRY SOILS: 

U Sano 

2. Clay soil* This kind of soil is sticky when wet and dries 
in hard clods* grind up the clods and put the dry clay in 
the chimney* 

3* OARK^ CRUMBLY SOIL LIKE THAT FOUND UNDER GOOD GRASS SOD* 
Or get TOPSOIL FROM A GARDEN OR COMMERCIAL NURSERY* 

Jar the cylinders slightly by bumping on a table to settle 
THE SOIL* Be sure the soils are dry* 

Set the cylinders in the jars and pour water in Tae jars«^do 

not pour water in the CYLINDERS* 

Keep a record of how long it takes the water to move up 1 inch; 

2 inches^ and 3 INCHES IN EACH CYLINDER* NOTE HOW LONG IT TAKES 
for the water TO REACH THE TOP OR WHETHER IT EVER REACHES THE TOP* 

The idea is to compare the capillary movement of water in coarse^ 
medium^ and fine soil particles* 

Interpretations: 

Moisture moves through soil in all directions^ even against 

GRAVITY^ BY CAPILLARY MOVEMENT* ThIS MOVEMENT IS CAUSED BY THE 
ATTRACTION WATER MOLECULES HAVE FOR EACH OTHER AS WELL AS THE AT« 
TRACTION BETWEEN WATER MOLECULES AND SOIL PARTICLES* WATER MOLE- 
CULES CLING TOGETHER AND FORM DROPLETS IN THE AIR OR ON A GREASY 
SURFACE WHERE THERE |S NOTHING TO INTERFERE* 6UT WHEN A DROP OF 
WATER FALLS ON SOIL PARTICLES, IT SPREADS OUT AS A THiN FILM OVER 
THE SOIL PARTICLES— BECAUSE THE ATTRACTION BETWE^^N THE SOIL PARTICLES 
AND THE WATER MOLECULES |S GREATER THAN THE ATTRACTION BETWEEN THE 
WATER MOLECULES THEMSELVES* WATER THAT MOVES THROUGH SOIL THIS 
WAY IS KNOWN AS CAPILLARY WATER* 

How FAR AND HOW FAST CAPILLARY WATER WILL MOVE IN A SOIL DEPENDS 
ON THE SUE OF THE SOIL PARTICLES AND THE CONDITION OF THE SOlL* 
If the spaces around the soil particles are large, the ATTRACTION 
BETWEEN THE WATER MOLECULES AND THE SOIL PARTICLES WILL NOT BE 
ENOUGH TO OVERCOME THE WEIGHT OF THE WATER AND IT WILL NOT RISE 
appreciably; however, what movement it makes WILL BE RAPID BECAUSE 
THERE WILL BE LITTLE FRICTION* ThIS IS 'HUE IN SANDY SOILS* 

On the other hand, in FINE-TEXTURED SOILS THE PARTICLES ARE 
CLOSER TOGETHER AND THE ATTRACTION BETWEEN SOIL AND WATER IS GREATER. 
WATER MAY THEN BE EXPECTED TO RISE MORE SLOWLY BUT HIGHER IN SOILS 
OF FINE TEXTURE* 

322 



Under fielo conditions moisture moves from wetter soil to drier 
soiL^ The difference is not always great, therefore capillary water 

MOVES SLOWLY AND NOT FAR. EvEN SO, ENOUGH MOISTURE MOVES A SHORT 
DISTANCE TO THE ROOTS OF GROWING PLANTS TO MAKE IT AN IMPORTANT 

plant«soil relationship* 

Much soil moisture can be lost when capillary water moves to 

THE SURFACE AND EVAPORATES. UsiNG MULCHES CAN REDUCE THIS. 
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WATER AND SUPPLY 
Uvcl: Jr. HtOH or High School 



ACTIVITY: Compare How Much V/ater Different Soils Hold 
Materials: 

2 cans of equal size (coffee cans will do) 
two 18- inch squares of cloth some heavy string 

a package or similar scale that weighs container of water such as 



Procedures: 

Put equal volumes of soil in the two cans. Take the soil for 
one from a field or garden that has been cultivated for several 

YEARS AND THAT SHOWS UCK OF ORGANIC MATTER, Th|S SAMPLE SHOULD BE 
HARD AND CLODDY* GeT ThE OTHER FROM A WELL-MANAGED FIELD WHERE 
GRASSES AND LEGUMES HAVE BEEN GROWN^ OR FROM A GOOD PASTURE OR 
SlMlf^AR LOCATION. ThIS SAMPLE SHOULD 3E CRUMBLY AND FREE FROM 
CLODS* 

First allow the soils to dry* 

Empty the two soil samples on the cloth squares, pull the corners 

TOGETHER, AND TIE ViTH A HEAVY STRING. WeIGH EACH SAMPLE AND RECORD 

the weight. 

Saturate each bag of soil by holding it in the water long enough 
to soak thoroughly. remove the soil samples from the water and allow 

THEM TO DRAIN OFF THE FREE WATER FOR A FEW MINUTES. ThEN WEIGH AGAIN 

and record the weights. 

Calculate the difference in weight. 

Another way to measure the water-holding capacity of soils 1$ 

TO USE two old-fashioned LAMP CHIMNEYS OR CYLINDERS. T| E A CLOTH 
OVER THE TOP, TURN THEM UPSlDE DOWN, AND FILL THEM ABOUT TWO-THlRDS 

full with the same two soils. 

Be sure the soils are equally dry. 

Place the chimneys in small-mouth fruit jars« 

Pour a pint of water into each chimney. Then note how long 

IT TAKES THE WATER TO SEGiN TO DRiP INTO THE JARS, HOW MUCH WATER 

comes from each soil, and how long the water continues to drip. 

Interpretations: 

When organic matter is used up, soil packs together. Thus, 
a cloddy soil has fewer air spaces, its particles do not cling. to- 
gether in granules, and the lack of organic matter means that it 
weighs more than an equal volume of crumbly soil from a well-man- 
aged plot. 

Not only does a crumbly soil take in water faster than a cloddy 

ONE, IT HOLDS MORE. The THOROUGHLY DECOMPOSED ORGANIC MATTER 
(humus) in a CRUMBLY SOIL CAN ABSORB LOTS OF WATER. On A DRY- 
WEIGHT BASIS, THIS HUMUS HAS A WATER-HOLDING CAPACITY OF SEVERAL 
HUNDRED PERCENT AND MAY ACT LIKE A SPONGE. In ADDITION TO THE WATER 
HELD BY THE ORGANIC MATTER ITSELF IS THE WATER HELD |N THE PORES 
BETWEEN THE SOIL PARTICLES AND B ETWEE N THE SOIL GRANULES* HUNDREDS OF 
VERY FINE SOIL PARTICLES ARE 1|||||PRgETHER BY THE ORGANIC MATTER INTO 
SOIL GRANULES. J 



UP TO 6k OUNCES OR 2,000 GRAMS 



A 2- OR 3-C5AI-1-ON BUCKET 
OR A 3*-Q^ART OIL CAN 
WITH THE TOP CUT OUT. 
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This increased water-holding capacity of soils hich in organic 
matter under natural conditions makes a big difference in the intake 
OF WATER • These well-managed soils can absorb most of the rain 

AND SNOWHELT ( IF THE SOIL IS NOT FROZEN )• ThIS MEANS THERE WILL 

BE LESS EROSION. STREAMS WILL RUN CLEAR • Of COURSE^ WHEN THE SOIL 

IS SATURATED BY A LONG PERIOD OF RAINFALL^ ANY ADDITIONAL WATER 
THEN RUNS OFF* 
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WATER AND SUPPLY 
Lcvcl: High School 



ACTIVITY: Investigating the Movement of Water in the Earth 

Materials: ESCP kit for investigation 9-5 

Plastic column 8o cm x 35 inside diameter 
Cap with drain hose Hose clamp 

Screen to prevent beads from drowning Beads, approximately '♦mm, 6mm, 
Ring stand and clamp and 8mm (50O ml of each per 

2 ML BEAKERS CLASS.) 

1 100 ML GRADUATED CYLINDER 200 ML OF FiNE SAND 

200 hl of coarse sand graph paper 

Introduction: 

Have you ever seen water seeping or flowing f.rom a hillside? How 

FAST DOES ground WATER MOVE THROUGH THE PORE SPACES IN EARTH MATERIALS? 

Can water move upward through soil? In this Investigation you will 

FIND evidence TO ANSWER SOME OF THESE QUESTIONS BY EXAMINING THREE 
PROPERTIES OF EARTH MATERIALS THAT AFFECT THE FLOW OF WATER UNDER- 
GROUND* 

Procedure: 

Clamp 8o cm to the ring stand and put cap with drain hose on 

LOWER END« 

Place 100 ml of uniform beads in the column, making sure the 

WIRE SCREEN IS IN POSITION TO PREVENT THE PARTICLES FROM RUNNING 
OUT, 

A, Record the amount of water necessary to just cover the upper 

SURFACE OF THE PARTICLES. 

B* Open the ciamp and allow the water to run out into a beaker. 

Record the amount of water retained cy tmC particles. 
C. Add 300 ML or water to the cylinder holding the bead$. Record 

the time required for the water to drain through the particles. 

Repeat using other sue particles. 

Interpretation: Answer the following questions. 

1. What is the relationship between the water you add and 
porosity, the percentage of space between thc grains? 
Make a graph showing the relationship between porosity and 
the diameter of the particles. explain your results. 

2. Make a graph s>iOwiNG the relationship between grain size and 

THE AMOUNT OF WATER RETAINED IN THE COLUMN AFTER DRAINING. 

What conclusions can you draw from the graph? 

3. Construct a graph showing the relationship between each of the 

GRAIN sizes AND THE TIME REQUIRED FOR 3OO ML OF WATER TO RUN 
THROUGH THEM. ExPLAlN YOUR RESULTS. 

k. Permeability is the rate at which water can pass through a 
POROUS material. What is the relationship between permeability 

AND SIZE. 

Set up the apparatus for investigating capillarity. Use 200 ml of fine 
dry sand in the tube. When your partner is ready to time, lower the 

TUBE into the water SO THAT THE #4^^ JUST BENEATH THE WATER SURFACE. 

o Time and record the cwinges in ^IHMvcl in the tube at 30-second 

FRir INTERVALS. Repeat th* procedure with 200ml of course sanp in the tube. 

h^!^ On the basis of y^^|servations, what is capillarity? 
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WATER SUPPLY 
Lcvcl: Junior High & Above 



ACTIVITY: Ground Wat£r: Nature & Distribution or Aqu iters 
Materials: cross section chart or formations 



Background: A soot or rock or unconsolidated sediment that is 

PERMEABLE AND CAN YIELD WATER IS CALLED AN AQUIFER* ThE MOST 
COMMON AQUIFERS ARE LAYERS OF SAND OR GRAVEL^ OR BEOS OF SAND- 
STONE^ LIMESTONE^ AND DOLOMITE* AN INCLINED AQUIFER^ THAT IS 
EXPOSED AT THE SURFACE AND OVERLAIN DOWN DIP BY /N IMPERMEABLE 
LAYER IS A CONFINED OR ARTESIAN AQUIFER* WHEN AN ARTESIAN 
AQUIFER IS PENETRATED BY A WELL^ WATER WI/LL RISE IN THE WELL 
UNDER PRESSURE FROM THE WATER COLUMN IN THE AQUIFER* If ThE 

ground surface at the site of the well is appreciably lower 
than the intake area of the aquifer^ the water will rise to 
surface^ making this a flowing artesian well* 

Procedure: Using the cross section chart determine and do 
THE following: 

1* List the rock units that you would expect to contain 
fresh ground water* ^ 



2* Which of these units is an artesian aquifer ? 

Draw a colored arrow to indicate the direction of 
ground water movement through the aquifer* 

3* Suppose you were retained as a consultant to locate 

WATER WELLS OF THE SEVERAL TYPES LISTED BELOW* On 
THE CROSS SECTION^ SHOW BY MEANS OF COLORED LINES LA- 
BELED A, t D THE WELLS OF THE VARIOUS TYPES THAT 

YOU COULD OR ILL* 

A* Fresh water> nonartesian well 

6* Fresh water^ flowing artesian well 

C* Fresh water^ nonflowing (pumping) artesian well 

0* Salt-water^ pumping well 

Also Indicate one location at which you would expect 
to find a fresh water spring ( label £}* 

4* Suppose that you wanted to pump salt water for use as 
a commercial source of iodine* how coulo you prevent 
the salt water from being diluted by fresh water in 

THE WELL? 

5* In WHAT OCCUPATIONS CAN YOU THiNK OF WOULD THIS TYPE 
OF ACTIVITY BE HELPFUL* 



QUESTION SHEET 
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LOCATING PLACES AND KEEPING TIME 
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EARTH SCIENCE - LOCATING PUCES & KEEPING TIME 



Air Traffic Controller 

Astronomer 

Cartography 

Geophysics 

Merchant Marine 

Pilots 

Elementary Teacher 
Technical Writcr 
Travel Agents 

Agricultural Extcnsiow Worker 
Fish & Wildlife Technician 
forestery products technician 
Flight Engineer 
Watch Repairman 
AiRPUNE Dispatcher 
Broadcast Technician 
Locomotive Engineer 

SfEVEDORE 

Power Dispatcher 



Astronauts 

Geography 

Geologist 

Ground Radio Operator 

Meteorologist 

Surveyor 

Teacher secondary-college 

Telegrapher 

FBI Agents 

Farming 

Forester 

Soil Scientist 

Instrument Maker 

Signal Maintainer 

Brakeman (train) 

Bus Driver 

Apprentice Engineer 

Taxi Driver 

Truck Driver 
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LOCATING PLACES & KEEPING TIME 
Level: Junior High 



ACTIVITY: The Length of Days 
Materials: (per team) 

Globe with axis and base Straight pins 

Light source Marking pen 

Protractor (water soluble ink) 

Introduction: 

At any time of the year^ a day— from noon till noon— lasts about 
twenty-four hours* but experience has shown you that during sum- 
mer there are more hours of daylight than of darkness in cach day. 

Jn winter THERE IS LESS DAYLIGHT IN EACH TWENTY-FOUR HOUR DAY* 

'What could cause this? What changes would have to be made in the 
rotatlng*^globe model of the earth to account for changes in the 

LENGTH OF DAYS? 1n THIS INVESTIGATION YOU WILL CONSIDER ONE POSSI- 
BILITY. 



Procedures: 

A. Copy this chart in your notebook* 



TILT 


Location 


JVertical- 

! No 
|i Tilt 


j Tilt 

TOWARD 

Light Source 


Tilt 
away from 
Light Source 


Tilt 
to one side of 
Light Source 


Equator 

PIN 




i 






Northern- T 

HEMISPHERE j < 
PIN 







ERIC 

hfiiinniiinrfTiama 



Carefully draw lines around the globe^ from top to bottom, 
to divide the globe into eight equal sections. 

C. Stick a straight pin about 9/10 of the way into the globe 

NEAR THE "EqUATOR" AND ALONG ONE OF THE "nORTH-SOUTH " LINES* 

Stick a second pin into the globe at a point about half- 
way FROM THE "Equator" to the "North Pole." The second pin 

SHOULD BE on THE SAME "nORTH-SOUTh" LINE AS THE FIRST PiN. 

D. Place the globe about 3 feet from the light source. . Be sure 

THAT THE CENTER OF THE GLOBE IS LEVEL WITH THE LIGHT SOURCE 
AND THAT THE AXIS IS VERTICAL (STRAIGHT UP AND DOWn). 

The EARTH ROTATES ONCE ON ITS AXIS IN EACH TWENTY-FOUR 

HOURS. Imagine that your globe rotates at the same speed. . 
Since the lines divide it into eight equal parts, it would 

TAKE 24*8, OR 3 HOURS, TO TURN FROM ONE LINE TO THE NEXT. 

E. One team member should be positioned so that he can see 

THE "morning" side OF THE GLOBE. A SECOND MEMBER SHOULD 
BE POSITIONED OPPOSI^^E THE FIRST, LOOKING AT THE "eVENING" 
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SIDE OF THE GLOBE. ROTATE THE GLOBE UNTIL THE ''eqUATOR" 

PIN IS JUST COMING FROM DARK INTO DAYLIGHT ("mORNING" FOR THE 

pin). The evening observer should rotate the globe slowly 

UNTIL THE PIN REACHES THE DARK«»LlGHT LINE (eVENINg)* As 
THE GLOBE IS BEING TURNED^ THE MORNING OBSERVER SHOULD 
COUNT THE "three HOUR" SECTORS THAT PASS FROM DARKNCSS INTO 
LIGHT. 

For how many "hours" was the pin in the light? (if you 
cannot tell exactly, estimate the number as closely as you 
CAN.) Enter the number of "hours" in the table in your 

NOTEBOOK IN THE SPACE OPPOSITE "EQUATOR PIn" AND BELOW 

"Vertical-No Tilt." 

F. Repeat Procedure E, but this time observe the pIn in the 
"northern hemisphere." Estimate the number of "hours" 

IT SPENDS IN LIGHT AND ENTER THE NUMBER IN THE TABLE. 

G. Now TILT THE AXIS OF THE GLOBE ABOUT f^OM VERTICAL 
TOWARD THE LIGHT SOURCE (tHE "nORTH POLE" TOWARD THE LIGHYJ 
THE "south pole" AWAY FROM It). ChECK TO BE SURE THAT THE 

center of the globk is still level with the light source* 
Turn the globe to see how many "hours" each pin spends in 
LIGHT. Be careful not to change the tilt as you turn the 
GLOBE. Enter your observations in the table. 

H. Turn the base of the globe until the axIs of the globe is 

TILTED AWAY FROM THE LIGHT SOURCE. TeST EACH PIN IN TURN 
TO SEE HOW MANY "hOURs" IT SPENDS IN LIGHT. ENTER YOUR 
OBSERVATIONS IN THE TABLE. 

I. Finally, turn the base of the globe until thc axis is tilted 

NEITHER TOWARD NOR AWAY FROM THE LIGHT SOURCE, BUT TO ONE 

siDE^ Estimate the number of "hours" spent in the light 

BY EACH PIN AND ENTER THESE IN THE TABLE. 

J. When finished, wash the lines off the globe with soap and 
water, rinse, squeeze, and set out to dry. 

Interpretations: 

1. Could changes in lengths of days on earth be accounted for 
by thinking of the earth as having a tilted axis? 

2. If so, which season would correspond to which direction of 

TILT? 

3. What can you say about the lengths of daylight for points 
on the equator if the tilt of the axis changes? 

Problems: 

1. how do you think the lengths of daylight for a point near 
THE North Pole would be affected if the tIlT of the axis 
CHANGES? Does this agree with reports you may have heard 

ABOUT CONDITIONS NEAR THE POLE? 




i / J 



LOCATING PUCES & KEEPING TIME 
Lcvcl: Junior High 



ACTIVITY: DctcrmInInq your LATiTUoe 

Matcrials: Cardboard 20 cm x 30 cm scissors 
STRING Stapler 
Protractor Metric ruler 

Weight 

To THE Teacher: Students need to be told that the altitude of 
Polaris and latitude are the same or this can be developed by an 
activity where they can discover this for themselves^ after they 
know this information they cau do the following activity* 

Procedures: 

A. In THIS PROCEDURE YOU WILL CONSTRUCT AN INSTRUMENT CALLED 
AN ASTROLABE (AS-TROH-LAYb)* INVENTED BY THE GREEKS IN THE 
SECOND OR THIRD CENTURY B^C, THE ASTROUBE IS ONE Of THE 
MOST ANCIENT SCIENTIFIC 5N>TRUMENT8, Ix WAS AN IMPORTANT 
NAVIGATIONAL TOOL FOR EARLY SAILORS. It IS USED TO MEASURE 

vertical angles. 

With a straightedge^ draw a line across the cardboard. 
Near the middle of the line make an index mark with a pencil. 

Use scissors to cut a trianquur not«h at each end of 

THE LINE. The notches should be about 1 CM DEEP. 

At 10 cm from each of the upper corners of the cardboard, 
mak£ a cut 2 cm long. fold the cardboard. 

Place a protractor on the cardboard and carefully mark 

OFF DEGREES.* MAKE EACH 5® AND 10^ MARK LARGER THAN THE 
OTHERS^ (Do NOT COPY THE NUMBERED DEGREES SHOWN ON THE 
ORIGINAL PROTRACTOR.) MARK THE DEGREE NUMBERS AS FOLLOWS: 



Place the string over the index mark. Fasten the string 

AT THE INDEX MARK WITH A STAPLE OR TWO. TiE THE WEIGHT SO 

that it swings free of the instrument. 

The astrolabe is complete and can be used to measure 

THE ALTITUDES OF STARS, WITH REFERENCE TO THE EARTH's HORI- 
ZON. 



NOTE: THE FOLLOWING PROCEDURES HAVE TO BE DONE AT HOME IN THE 
EVENING. 




B. In thc cvcningj rxce Polaris and mIsc thc far cno of thc 

ASTROLABE UNTIL YOU SIGHT ROURIS THROUGH THC NOTCHES* 

The weighted string must hang freely* WNen you have sighted 
Polaris^ press the string against the cardboard^ and read 

THE ANGLE AT WHICH IT CROSSES THE'SCALE* ThIS ANGLE IS 
THE ALTITUDE OF POURIS* 

. C« Take your astrolabe home tonight and measure your latitude^ 

Interfretations; 

What is your measurement for thc latitude of your home? 
2. What is the average of the values obtained by your class? 
3» What latitude is given on maps for your location? 
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LOCATING PLACES AND KEEPING! TIME 
Level : 9th 



ACTIVITY; Topography 

Th?: topographic or contour map is an accurate means of represent* 

ING THE RELIEF OF THE EARTH'S SURFACE* 

Map Projections: 

1. What is a map? 

2. What is a map projection? 

3« Name at least four common map projections and state one advantage 
or disadvantage of each. 



Topographic Maps: 

U W^T IS A topographic OR CONTOUR MAP? 



Z. Name several physical features which appear on topographic maps. 



3e Name the features indicated on contour maps by each of the 

FOLLOWING colors: 

!a) Blue: 

s) Brown: ■ 

c) Black: 

d) Reo: , . 

e) Green: 

\. MlAT IS A RELIEF MAP? 

5. What is meant by the scale of a map? 

6, In the space below show three ways of indicating the .scale of 



A MAP* 
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7* MCASURC THC 01 STANCE ALONG THE MIOOLC OF TH£ ROAO FROM FOlNT A 
TO POINT G SHOWN BCLOW. UsC THE STRAIGHT £DQ£ OF A SHEET OF 
PAPER TO MARK OFF IN SUCCESSION EACH SEGMENT OF THE ROAO, COM- 
PARE THE TOTAL DISTANCE WITH THE GRAPH tC SCALE SHOWN TO DETERMINE 
THE DISTANCE ALONG THE ROAD FROM A TO G« 




8« MiAT IS t CONTOUR LINE? 



9* MfAT IS MEANT BY A CONTOUR INTERVAL? 

10« In what tVpe of area is it best to use; 

(a) a small contour interval? 

(b) A LARGE contour INTERVAL? 

IK In the space provided illustrate by contour lines each of the 
following: 

(a) a hill four contour lines high: (b) a depression three con- 
tour lines deep: 



(c) A VALLEY CONTAINING A STREAM (uSE FOUR CONTOUR LiNEs): 



(d) a RIDGE CONSISTING OF AT LEAST THREE PEAKS: 



12* Exact latitude and longitude in degrees and minutes can be deter- 
mined ON THE TOpOQRAPtHC MAP. (SEE NEXT PAGe) 

(a) The latitude of point X is 

(b) The longitude of point Y is 

(c) Locate point Z — ^ 

(d) In which section is P located? 




(e) In which scctioh is K locatcoT 
(r) VftiiCH MAP semes is ihoicatcd hcrc? 
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LOCATING PLACES AND KEEPING TIME 
Lcvcl: 9th 



ACTIVITY: Latitude^ Lonqituoc^ and Time 

Rotation and RevoiuxioN or th£ £a<^th ar£ bases for the measurement 

OF TIME. 

Latitude: 

U Latitude is the distance ..^^^^.^ , the 

MEASURED In" ' " ON LiNES CALLED 



2. The distance from the EQUAfcn to the poles is o eorees» The 

LATITUDE OF THE EQUATOR IS DEGRF ThE TrOP|CS ARE LO- 

CATED D EGREES A ND ^...^^^^ OF THE ' » 

AND THE Arctic and Antarctic Circles are d ecrees from 

THE Your home is located about d egrees 

UTITUDE. 



3* On a clear niqht^ latitude may be determined by finding the 
^ of the North Star# In the northern hemisphere^ 

the number of degrees that the north star is above the horizon 

IS THE observer's . 



4« During the day^ utitude can be determined from the 
by use of an instrument called the 



Longitude: 

U Longitude is the distanc e o r of the 

meridian measured t w ON circles calle d 

These circles meet at the akd are farthest apart at the 

At the equator, a degree of longitude (1/36OTH OF 

THE earth's ClRCUnrERKNCE) !S EQUAL TO ABOU T ^ MiLESj 

WHILE AT THE POI.rS, A DEGR?:E Of LONGITUDE IS EQUAL T O 
MILES. 

2. Starting rnoM the »-»riml Mt:«jo:Ai^> he MerjioMNs are numbered up 

TO ^ _ ^ ^ CCGRE-IS .-.ND . YoUR HOME 

IS LOCATCO ABOUT "o£GJl£c.o LONGITUDE. 



Time: 

!• The length of day is deteriund b y 

•The LENGTH or year is determined by 



The length of lunar month is determined by 




2« In ONC rotation on IT» AXU« TMC UHTN TUWtt OCMCCS tN 

hours. Thir is a rate o r ocorks per how« 

PtACeS ON THE CARTH THAT ARC rtPTCCN OCORfCS OF LONOITVOC ATAKT 
WitL DlrrCB' IN TINC. 

3, MiCN THt SUN IS OVCR ANY RIVCN MERIDIAN, THC TIMC ON THAT MCRtOtAN 

IS . ThC TIMC AT A flACC riiFTeCN OCRRCCS TO THC 

CAST OF THIS MCRIOIAN WtUt tC O'CLOCK, WHILC AT A 

FUCC fimCN OCQRCCS TO THC WCST IT WILL RC O'CLOCK, 

k. Due TO TMC FACT THAT THC CARTH MOVES WHCN NCARCR 

THC SUN AN O W HCN FARTHCR AWAY* THC SOUR DAYS ARC 

HOT ALL OF THC SAMC LCN^|I« ThE AVERAQE OF ALL THE SOUR OAYS 
OF THE YEAR IS KNOWN AS TME DAY. OOR CLOCKS 

KEEF TIME. A SUNOIAL KEEFS T IME. 



Stahdaro tike is 



6. The stanoarr time belts of the United States and Canada from 
east to west are '' I 



Related Qwest ions: 

State two or three ways ry which true horth may re oeterjiincd. 

2, (a) What is meant by a rrut ciRCLEt 

(b) Miat is a oreat circle routeT 
3« DisTiNouiSH retwcen: 

(a) a sextant ANO A CHRONOMETER 

(b) Celestial naviqation and dead reckonino 



k. kfcUT CAREERS ^ YOU THim W0UL» RCEa RACKOROUN^ *N TNIS ACTIV- 
ITY? List, 




LOCATING PUCCS AM) KEEPING TIME 
Levett 9TM 



ACTIVITY: Stanoamo Time 

Introouction: In thi» activity you will stooy the standard time 

ZONES or THE UNITEb STATES.' 

(■Uterial; t^p OF THE United States 
Directions; 

i. On A MAP«' DRAW AND LABEL THE MERIDIANS UPON WHICH EACH Of THE 

standard time belts of the united states and canada arc baseo* 
2» Draw the boundaries for each time belt, and ubel each of the 

BELTS. ... 

Activity Questions: 

1. WHAT IS MEANT BY STANDARD TIME? 

2. Why arc the bounoahies or the time zones ziazAO lines? 

3. how would a ferson chance his watch as he came to each new time 
zone: 

(a) WhCN TRAVEL I NO EAST TO WEST? 

(b) When travel i no west to east? 

k» In which stakoard time belt is each of the followino: 

(a) Salt Lake City? (c) Atuhta? 

(b) LOS Anoeles? (d) El Paso? 

5, VAiEN it is H f.m. in London, Encuno, what time it it ih: 

(a) Richmond? (cj Des Moines? 

(b) Phoenix? («>) Albany? 



6. At what time would the strokes of MiONianT on New Year's Eve 
IN LcNDON, England, be huro over the radio in: 

' TOPEKA? (c) DENVER? 

Los Anoeles? (d) Albany? 



in k 

I:! 



In order to listen to a' California footmll came which starts 

AT 1 P,M., WHAT TIME WOULD A PERSON NEED TO TURN ON HIS RADIO 

OR TV in: , , 

(a) New York City? (c) Austin? 

(b) Helena? (<>) Nevada? 
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EARTH SCIENCE - ASTRONOMY 



Air Traffic Controuler 
Astronomer 
gcophysicist 
Merchant Marine 
Elementary Teacher 
Technicau Writer 
Instrument Maker 



Astronauts 
Geologist 
Mathematicians 
Pilots 

Teacher seconoary-collcgc 
Flight Engineer 
AIRPLANE Dispatcher 
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ASTRONOMY 
Level: Junior High 



ACTIVITY: Constructing a Telescope 

Materials: (per team) 
Unses, 2 
Masking tape 
Meter stick 

Procedures: 

A. The lens with the greater magnification will be the eyc* 

PIECE OF your telescope* HoLD THIS LENS NEAR YOUR EYE, 

The second lens at arm^s length* Bring it nearer to your 
eye while looking at a distant object through both lenses • 
When the object is in sharp focus j hold the lenscs steady* 
Immediately have one of your team members measure and rs* 
cord the distance between the two lenses, 

B. Roll and tape two sheets of construction paper to form two 

TUBES with slightly DIFFERENT DIAMETERS. ThE TUBES SHOULB 

be made just large enough in diameter to hold the lensest 
One tube should slide inside the other* VAien extended^ the 
combined length of the tubes should be greater than the 
distance found between the lenses in procedure a* 

C. Use masking tape to attach the lenses to THit FREE END OF 

each tube* 

0« Look at a distant object through your telescope^ and slide 
the tubes in or out until the object comes into focus* 

Interpretation: 

1. Is THE image you SEE UPRIGHT OR INVERTCD? 

For Further Activity: 

U Try to construct a telescope using one convex lcns ano one 
concave lens. Describe the results* 

2. Use a telescope to view several of the objects that GauIleo 
observed in the sky* 

CAUTION: NEVER LOOK AT THE SUN THROUGH ANY TELESCOPE* YOU CAN 
PERMANENTLY DAMAGE YOUR EYES BY VIEWING THE SUN, EVEN 
THROUGH DARK GLASSES* 

Problem : 

Most stars are so far from the earth that they do not appear to 
MOVE* Only the closer stars can be seen to change position 

SLIGHTLY FROM YEAR TO YEAR* OnE OF THE CLOSEST, BARNARO'S STAR, 
has been observed to wobble back and forth slightly in its PATHt 
UfAT DO YOU THINK MIGHT BE THE CAUSE OF THE WOBBLE? 



Construction paper, 2 sHeers 

Scissors 
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ASTRONOMY 
Level: Junior High 



ACTIVITY: Globe Shadows 



Materials: 



Clay 

Coffee can 



Nails 
Globe 



Introduction : 

Sunlight strikes the globe in the same way that it strikes the 

EARTH • At any one TIME HALF OF THE EARTH (aND OF THE GLOBE ) RE- 
CEIVES DIRECT SUNLIGHT AND THE OTHER HALF OF THE EARTH (AND OF THE 
GLOBE ) RECEIVES NO SUNLIGHT. ThERE ARE AREAS OF DAYLIGHT AND AREAS 
OF DARKNESS^ AND THE BOUNDARIES BETWEEN THEM ARE THE LINES OF SUNRISE 
AND SUNSET. WHEN YOUR TOWN IS ON TOP AND THE GLOBE IS TURNED SO 
THAT NORTH ON THE GLOBE POINTS TO NORTH ON THE EARTH, THE GLOBE 
IS FACING EXACTLY THE SAME WAY THE EARTH IS. HeRE IS A WAY CHILDREN 

have oriented globes out-of-doors. 
Procedures: 

1. Using clay, fix a nail at your home spot. (That nail is 

POINTING straight UP, UUST LIKE THE SHADOW STICK ON YOUR 

CHART.) Then stand the globe in a coffee can or other 
support so that the nail is at the very top. to check to 
see if you really have your town on top, sight across the 
globe from several places. 

2. Keeping the nail on the top, turn the globe so that it is 
in the same position as the earth beneath your feet* 

The midday shadow line points north. The north pole on your 
globe should point in the same direction as the midday shadow. 

To DO THIS, GO OUTSIDE AT MiDDAY AND TURN THE GLOBE UNTJ L THE SHAOOW 

of the nail points to the north pole on the globe. 

Children check their orientation of the globe by referring to 
landmarks or to facts they know about local time in different part3 

OF THE country: "I THINK MINERS RIGHT. I KNOW THAT THE TURNPIKE 
RUNS EAST AND WEST, AND WEST ON THE GLOBE IS IN THE SAME DIRECTION 
AS WEST ON THE TURNPIKE." "ThE SUNRISE LINE IS JUST AT CALIFORNIA* 
My GRANDMOTHER LIVES THERE, AND WHEN WE PHONE HER, IT'S ALWAYS THREE 

hours earlier than it is here. so if 1t*s 9 o^clock here, it^s about 
6 0*clock there— and that should be about sunrise tlme.'^ 

Leave the globe in one position—at least at first. Children 

ARE less confused WHEN THEY PLACE THE GLOBE OUTSIDE AND LEAVE IT IN 
ONE POSITION AND THEN WAIT FOR THE SUN TO "mOVE" RATHER THAN TRYING 

to rotate the earth— at least during the early work with globes. 
With the globe serving as a small model of the earth, children can 
see how the areas of light and shadow change over the course of the 

DAY. 

Once the children have their globes properly oriented in the $un«> 

LIGHT (with a nail AT THEIR HOME TOWN, AND THEIR HOME TOWN ON TOP), 
THEY MAY WISH TO TRY TO ANSWER SOME OF THESE QUESTIONS. 




Globc Questions: 

U Where on the globe is the sun directly overhcao now? Take 

ANOTHER HAIL^ AND MOVE IT AROUND UNTIL YOU FIND SUCH A PLACCt 

Then stick the nail there with some cuv# 

MOVED the nail AROUND ON THE QLOBE UHTIL THERE WASN'T 
ANY SHADOW. ThERE WASN*T A SHADOW NEAR THC PANAMA CANALt" 

Z. Are there other places where there is no shadow now? CHltOt» 

REN TRY TO ANSWER THIS BY PUTTING NAILS IN SEVERAL Lt>CATlONS« 

For only one place do they get a "no shadow." It takes 
time before they are satisfied that there can be only one 

NO^SHADOW PLACE^ AND THAT THIS PLACE MUST BE DIRECTLY UNOCR 
THE LIGHT (wHETHER THE SUN OR A LIGHT BULb)« 

3* Find places where it is midday now* Are the places where 
IT is midday to the east or to the west of you? By trying 

nails in different places^ children DIviCOVER THAT WHEN IT 
IS MIDDAY WHERE YOU ARE^ IT IS MIDDAY AT EVERY PUCE DIRECTLY 
NORTH AND DIRECTLY SOUTH OF YOU. It MAY TAKE TIME FOR 
THEM TO REALIZE THAT WHEN IT IS MIDDAY WHERE YOU LIVE, THE 
SUN IS DIRECTLY OVERHEAD AT SOME POINT SOUTH OF YOU ALONG 
THE SAME LONGITUDE AND THAT IS THE NO-SHADOW PLACC^ 

k. Where will it be midday in an hour? V*iere was it midday 

AN HOUR AGO? ThESE ARE GOOD QUESTIONS TO ASK OUTDOORS* 

The children have some knowledge op time zones, and they 
may tell you that it is an hour earlier where a friend 
LIVES IN Chicago^ three hours earlier in Califoi^nia; Can 

THEY TELL HOW MANY HOURS EARLIER IT IS IN NOME, AlASKA? 

5. Where do you think there will be no shadow an hour from now? 
This is a game that children have emjoyed. They pot usued 

NAILS ON THEIR PREDICTION POINTS* WhEN THEY GO OUT AFTER 
THE HOUR IS UP, THE CHILDREN WHOSE NAILS hHK CLOSEST TO THE 
NO-SHADOW POSITION AND THE NORTH-^OUTH SHADOW POSITION ARC» 
THE BEST PREDICTORS. 
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ASTRONOMY 
Lcvcl: HICH SCHOOt 



ACTIVITY: Tools or thc Astrononcr 

1« WHY 00 ASTRONOHCRS USUALLY TAKE PICTUItCS OP THE SKY RATHfR THAN 
«iUST STUOY IT THROUGH THE TELESCOPE? 

2« How ARC exiPOSURCS or stars HAOC NSSIBLC when such a' SHAU ANOtfHT 
' / ^ or LIOHT IS AVAILABU rROH THCM? 

3* If A CAMCflA !S Pf INTCO TOWAl^D THE NORTH STAR ANO THE SHUTTER 
LEFT OPEN FOR A PER!00 OF T:ME^ THE FILM WILL CHOW (C^^v fAktM 
OR STREAKS CAUSEO BY THE LIGHT FROM THE STARS. VAlAT 00 THESE 
STREAKS INDICATE? 



4*. WlHY SHOULO THC PHOTOGRAPHIC FILH USED IN ASTROPHOTOORAPHY BE 
THE SAME SHAPE AS THE MIHROR? 

5* VhlAT IS A BLINK COMPARATOR? 

6# MtlCH PLANET WAS LOCATED THROUGH THE USE OF A BLINK COMPARATOR? 
/ 7* A SPECTROSCOPE? 

, 8» Discuss several usEisi of the spcctroscopc. 



9* Describe three types of spectra. 



2« 
3. 

10* WriAT 00 THE DARK LINES OF THE ABSORPTION SPECTRUM REPRESENT? 



It. What couor is present on the spectroscope if a starts tempera* 
TURE IS high? Low? 
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ASTRONOMY 
LeveL: High School 



ACTIVITY: The Spcctrcscope (How can we locNTirY clchcnts iy the 

LIGHT THCY CHIT?) 

VftieN PROPERLY STIHULATED^ EACH eLCHCNT EMITS LIGHT Of A CHARAC* 
TCRI8TIC COLOR OR COLORS. ThC SPECTROSCOPE IS A OCVtCC rOR SEPARATING 
LIGHT or DIFFERENT COLORS. WE SHALL LEARN MORE ABOUT THE WAY IN WH|CH 
IT WORKS WHEN WE STUDY LIGHT. In THIS EXPERIMENT^ WE SHALL USE IT 
MUCH AS YOU CAN USE A CAMERA WITHOUT KNOWING EXACTLY HOW IT PRODUCES 
A PICTURE. 



^Uterials: 

Hand spectroscope 

nichrome wires with glass or wood 

HANDLES 

Calcium chloride 
Cui^Ric chloride 
Sodium nitrate 



BUNSEN BURNER 

Solutions or lithium chloride 
Potassium chloride 
Strontium chloride 
Sodium chloride 

Concentrated nitric acio (optionai) 



Procedures ; 

The SPECTROSCOPE' consists or a LiOHTPROdr BOX with a slit at one 

END NEAR AN EDGE. At THE OTHER END Or THE BOX IS AN OPENING rOR THE 
EYC> AND JUST IN rRONT Or THIS OPENING IS A DirrRACTION GRATING^ A 
DEVICE rOR SPLITTING LIGHT INTO ITS VARIOUS COLORS MUCH AS A PRISM 

DOES. Each color is deviated by a oirrERENT amount as shown# The 

OBSERVER SEES THEM AGAINST A TRANSLUCENT SCALE WHICH MAY BE CALrBRATCD 
IN ANGSTROMS (l A « lO*^^ 

Look through the spectroscope at the light rROM a window or an 

INCANDESCENT LAMP* ThE LIHITS Or THE VISIBLE SPECTRUM SHOULD BE 
ABOUT kOOO TO 7000 A. (7000 A IS THE RED END Or THE SPECTRUM.) Ir 
YOUR SPECTROSCOPE HAS A SCALE^ CHECK IT rOR ACCURACY* Ir THE SCALE 
IS CALIBRATED IN ARBITRARY UNITS (O TO lOO), NOTE THE POSITION Or 
THE TWO ENDS Or THE SPECTRUM, RE D V IOLST • 

1. How many divisions are there between the red and the violet ends 

or THE SPECTRUM ? 

You CAN ASSUME WITHOUT TOO MUCH ERROR THAT THE SCALE BETWEEN THE TWO 
ENDS or THE SPECTRUM IS LINEAR. 

2. How MANY ANGSTROMS 00£^^ EACH DIVISION ON THE SCALE REPRESENT? 



Your instructor will give you a piece or platinum or ni chrome 

WIRE ATTACHED TO A GLASS HANDLE. FORM A SMALL LOOP IN THE END OP 
THE WIRE. Dip IT INTO CLEAN WATER AND THEN HOLD IT IN THE BUNSEN 

Burner plane. Now dip it into a solution or sodium chloride and 
WATER. Again hold it in the rLANE. 



3« What do you observe? 



sol 



The line that you see can be resolved by better instruments Into 

TWO LINES AT 589O A AND 5896 A, 

Repeat the experiment with solutions or lithium chloride^ po- 
tassium CHLORIDE, CALCIUM CHLORIDE, STRONTIUM CHLORIDE, CUPRIC CHLOa» 

ide, and sodium nitrate. 

tr possible, use a separate wire loop for each solution and be 
very careruc not to contaminate one solution with another. if you 
must use the same loop, rinse it in clean water and then in concen« 
trated nitric acid and heat it in the bunsen flame until any color 
in the flahe disappears before using it each tlme» 

Draw in lines in the data table for each different element. 

The instructor will give you a solution which may contain one 

OR MORE OF THE ELEMENTS THAT YOU HAVE STUDIED. TeST IT WITH THE 

spectroscope. 

k. What elements does it contain? 



Observe a fluorescent lamp through the spectroscope. Look 
directly at the bulb, holding the slit parallel to the length or 

THE BULB. 

5. Do YOU OBSERVE ANY BRIGHT LINES ? . 

Make a sketch of your observations* . ^ 



6m What is the element in the fluorescent lamp which is causInq 
THE LINES. (Use a reference book.) 



DATA 



Sodium chloride 




Lithium chloride 




Potassium chloride 




Calcium chloride 




Strontium chloride 




CUPRiC CHLORIDE 




Sodium nitrate 





Discussion : 

1. Name two practical uses for the spectroscope as a means of ioCnti* 
fying the presence of elements. 

2. do you think that any of the lines which you saw coulo have been 

CAUSED BY THE CHLORIDE ION? WhY OR WHY NOT? 

3* What two methods can be used to excite atoms, causing them to 
emit light? 

k. There are additional lines of the elements which are too faint 

TO BE seen with THE NAKED EYE. HoW CAN WE DETECT THEM? 

^. What OCCUPATIONS would need to know how to use some method of 

IDENTIFYING VARIOUS ELEMENTS? 
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ASTRONOMY 
Level: High Schooc 



ACTtVltV: Apparent Size of the Moon 
Problem : 

Voo HAVE SEEN A FULU MOON RISING ABOVE THE HORIZON ON A CLEAR EVEN I NO. 
As IT COMES INTO FULL VIEW, IT SEEMS TO BE MUCH URGCR THAN WHEN IT 
IS SEEN OVERHEAD IN THE SKY. DOES THE SIZE OF THE MOON ACTUAULV 
CHANGE? 

Matcrials: 
Yarost I CK 

PAPER CLIPS 
PROCCOURC: 

BCND A PAPER CLIP IN A Y-SHAPE SO THAT IT FITS TIGHTLY AROUNO 
THE YAROST I CK^ AS SHOWN IN THE TIQURE BELOW* SiGHT ALONG THE YARO- 
STICK AT THE MOON AS IT APPEARS OVER THE HORIZON AND BEND THE OPEN 
ENDS or THE PAPER CLIP 50 THAT THEY ARE THE SAME WIOTH APART AS THE 
MOON APPEARS TO THE EYE» WITHOUT MOVING THE PAPER CLIP OR CHANGING 
THE DISTANCE BETWEEN THE OPEN ENOS^ SIGHT ALONG THE YAAOSTtCK AT THE 
HOON AT INTERVALS tf ONE HOUR AS fT Jl^SSS iN THE $KY« 



Paper c\^ip 




Eye- 
Observations: 

U Does the moon appear uarger when seen over the horizon or when 
it is high in the sky? 



2, Does the apparent sue or the moon fill the same space between 
the enos of the paper clip at oifferent sightings curing the 

EVENING? 

3, Does the moon seem to get smaller, as far as the naked-eye 
observation is concerned, when it rises in the SK¥7 

k. According to your paper-clip mcasuremcnt^ Hki ihe aizc op the 
moon ACXU^L¥ xhangcd? 

Application: 

Ck> some library RESCAAM and compare T*i£ TWft*400N5 «VOLV|Na AROUND 

Haas wtTH OWN naxmal ^ouf 
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ASTRONOMY 
Lcvcl: High School 



ACTIVITY: Motions and Phases of Planet X 
Time Requirements 

PRC«UB 3 MINUTES 

Lab 10*15 MINUTES 

Post-lab 15 -20 minutes 

Materials: (per group or four students) 

StYROFOAM sphere, 3 TO 10 CENTIMETERS IN DIAMETER, STUCK ON A PENCIL 
OR A PIPE CLEANERJ LiGHT SOURCE WITH A IJ- OR gJ-WATT BULS. 

Special notes: 

Keep the room as dark as possible. You will have to arrange 
the light sources carefully* \f groups are too close together it 
will be impossible to see the phases of the styrofoam srhcre. 

There should be no bare wires or terminals exposed on the light 

SOURCES • 

Pre-lab discussion: 

Begin the investigation by explaining to students that their 
problem is to produce the phases of Planet X« Should they use a 
system centered on the earth, the sun, or one centered on Planet X? 
Do not suggest which arrangement to use. Let sTvdents investigate 

ALL possible WAYS TO REPRODUCE THE GIVEN PHASES. 

Notes on procedure: 

Students should hold the styrofoam sphere in different position9 
relative to the. light* move about the room, reminding students who 

ARE HAVING DIFFICULTY THAT THEY ARE TRYING TO FIND WHERE THIS PUAnCT 
1$ RELATIVE TO THE SUN AND THE EARTH. 

If the LIGHT SOURCE IS TOO DIFFUSE, YOU WILL HOI BE ABLE TO 
SEE THE PHASES. 

You GET THE BEST RESULTS WHEN YOU CLOSE ONE EYE TO LOOK AT THE 
SPHERE. You MIGHT ASK STUDENTS WHY THEY DON'T SEE STARS AND PLANETS 

in three dimensions, 

Range of results: 

to show all the phases of the moon students should position the 
sun in the center, with planet x^s orbit between the sun and earth's 

ORBIT. 

PosT-LAB discussion: 

you might have one group present its views and then have a ociate. 
Statements can be made only about Information available from the in- 
vestigation* For example, do not allow a statement such as "But I 

KNOW THAT THE MORNING AND EVENING STAR IS REALLY VENUS." 

New WE CAN UNDERSTAND WHAT GALILEO WROTE. CynTHIA IS ONE NAME 
FOR THE MOON AND "MOTHER OF LoVE" REFERS TO VeNUS, THE M'STTHICAL 
GODDESS OF LOVE. GALILEO SECRETLY ANNOUNCED THAT VenUS SHOWED ALL 
THE PHASES OF THE MOON. THEREFORE, PTOLEMY WAS WRONG. 
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Answers to questions: 

!• What plan£t oo you B£Lf£V£ Plan£T X R£pr£S£nts7 Answ£r: E|TH£R 

MCRCURY OR V£NUS IS AN ACC£PTABL£ ANSW£R« SINC£ STUDENTS SHOULD 
HAV£ CONCLUDED THAT THiS IS A PUN£T WITHIN THE ORBIT OF THE 
EARTH THESE ARE THE ONLY CHOICES, ThEY ({AVE NO EVIDENCE TO PREFER 
ONE OVER THE OTHER* 

So Is THE ORBIT Op PlANET X IN THE SAME PLANE AS THE CARTH'S ORBIT? 
How DO YOU KNOW? ANSWER : FROM THE INFORMATION QIVENj ' STUDENTS 
WOULD HAVE TO CONCLUDE THAT IT IS HOT. If IT WERE IN THE SAME 
PLANE WE WOULD NEVER SEE A FULL OR NflW PHASC« INFREQUENTLY, 

P Planet X does cross the plane of the earth *s orbit« However, 

REASONING EXCLUSIVELY FROM THE MODEL, STUDENTS WOULD NOT SAY SO. 

3« Are the phases of the moon and of Planet X caused in the same 
MANNER? Answer: No. The main difference in phases shown in 
Figure 20«6 is the small size of Planet X when it^s full and its 
large size when at crescent. The size of the moon in these phases 

ALSO VARIES, BUT NOT NEARLY SO MUCH AS PlANET X« ThIS IS BECAUSE 

Planet X revolves around the sun in an orbit fab from ours. The 
moon is very close to the earth, so its variation in size is shall. 

^. If Ptolemy U scheme were correct, could Planet X show all of the 

PHASES of the MOOi^? ANSWER: Yes. HOWEVER, THE BACKGROUND OF 
STARS THROUGH WHICH PlANCT X ^ASSCO WOULD BE DIFFERENT. 
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ASTRONOMY 
Uv£l: Hiqh School 



ACTIVITY: Investioatino Ikterpunetary Distances 

Calcuute the scale distances so you can help students who HAVe 
trouble with calculations* 

Time requirehents: 



Materials: (per group or two students) 

Pkftn TAPE AT LEAST ^K) H LPNO MeTER STICK 

Special notes: 

Space will be a problem since each oroup is working with 40 

METERS or tape* ThE IHVESTIGATION can be done best in a long HALt^ 

A gymnasium^ or outside the building* a good way to begin this in* 

VEST I GAT I on IS TO MAVE THE STUDENTS GIVE THC^IR IDEAS OP DISTANCES 

IN SPACE* Many students will be able to recite the order or the 
PLANETS • Some may be able to give their distances rROM the sun* 
This does not necessarily mean that they can visualize the distances 
between punets* 

Another question you might ask is: What does the sour system 
look like prom a point in space? Have students discuss their ideas 

BRIEPLY* 

NOTC^ ON Procedure: 

Once STUDENTS HAVE STUDIED FlGURE 1 THEY SHOULD SELECT A SCALE 
TO USE rOR THE MOD%.L* GUIDE FIGURE 1 SHOWS THE MEASUREMENTS STUDENTS 
WILL USE ir THEY PICK ONE METER TO REPRESENT ONE ASTRONOMICAL UNIT* 

Since the scale diameters or the planets are tractions or a 

MILLIMETER THEY WILL BE IMPOSSIBLE TO PLOT ACCURATELY* 

Among the many ways students have used to mark the distances 
between the planets and the sun are: 
U Mark orK the distance with metric surveyor •s tape* 
2* Measure orr the distance using meter sticks* 
3* Students may develop some convenient and simple mechanisms to 

MAKE the measuring EASIER* ONE ARRANGEMENT IS SHOWN IN GUIDE 

Figure 2* 
Range or results 

As LONG AS the RELATIVE DISTANCES ON THE PAPER TAPES ARE REASON- 
ABLY ACCURATE^ DO MOT BE TOO CONCERNED ABOUT EXACT MEASUREMENTS* 

The smallness or the planets in comparison to the distance between 

them will be obvious when students try to draw a 0*1 MILLIMETER DOT 
ON A 1|0 METER >^APE# NOW THAT THE SCALE OP THE SOLAR SYSTEM CAN BE 
SEEN BY THE CLASSj YOU MIGHT DISCUSS HOW LONG IT WOULD TAKE TO TRAVEL 
rROM ONE POINT TO ANOTHER* ThIS DISCUSSION SHOULD CLEAR UP ANY 
CONPUSION LErT ABOUT THE ASTRONOMICAL UNIT* STUDENTS SHOULD REALIZE 
THAT DISTANCES IN INTERPLANETARY SPACE ARE UNWIELDY WHEN YOU USE 
MILLIONS or KILOMETERS* mM^^J^ 



Pre«>lab 
Ub 

POST-LAB 



3 MINUTES 
20-23 MINUTES 
13 MINUTES 
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A SAMPLE QUeSTlON YOU MIGHT ASK ts: HOW LONG WOULD IT TAK£ TO 
TIUV£L FROM EarTH TO MaRS AT 100^000 KILOMETERS PER HOUR ASSUMING 
THESE PUNETS ARE APPROXIMATELY A«U« APART? OnE HALF OP 1^0 X 

10^ IS 75 X 10^ KILOMETERS* At 100,000 KILOMETERS PER HOUR ( A ' 
VELOCITY NO PRESENT SPACECRAFT CAN REACH ) IT WOULD TAKE 73^ HOURS* 
A80UT ONE MONTH* 

It WOULD BE A RARE OCCURRENCE TO HAVE ALL THE PLANETS LINE U9 
AS SHOWN ON THE TAPE* (nSTEAD OF A TAPE, A GREAT SHEET OF PAPER 80 
METERS IN DIAMETER COULD BE USED* LOOKING AT SUCH A LARGE SHEET, 
DO YOU THINK YOU COULD SEE THE PLANETARY DOTS EASILY? THE SOLAR 
SYSTEM SEEMS TO BE MOSTLY SPACE* 

NASALS ACCOMPLISHMENT OF PUTTING TWO ASTRONAUTS ON THE MOON 
MEANT GOING OliVY S]^ MILLIMETERS ON THE SCALE ! 



Guide Figure 1 

Sdur System to Scale 

1 A«U* (astronomical unit) - 1 Meter 





Distance* 


Diameter, 


Object 


From sun, meters 


Millimeters 


Sun 




n.oo 


Mercury 


0.1* 


o.oi* 


Venus 


0.7 


0.10 


Earth 


1.0 


0.10 


Mars 




0.05 


Jupiter 


5.2 


1.12 


Saturn 


9.5 


0.95 


Uranus 


19.2 


0.37 


Neptune 


3P.1 


0.35 


Pluto 




0.05 



Guide Figure 2 




ASTRONOMY 
Lcvcl: High School 



ACTIVITY: Cokvcx lens; iMAae formation 

Why 00E3 OUR camera have to ie adjust co for the distancc of the 

OBJECT? 

When the pictures of near objects arc to be taken^ the bellows 

OF the camera is OREATLY extended. The location of what fart of THt 
CAMERA HAS BEEN CHANGED BY THIS ADJUSTMENT? 

Mount the lens and holder on the meter stick and foint the stick 
at some distant object outside the window. stand back of the window 

IN A DARKER PORTION OF THE ROOM. PUCE THE CARDBOARD SCilEEN ON THE 
OPPOSITE SIDE OF THE LENS. HOVE THE LENS UNTIL YOU SEE A CLEAR IMABC 
OF THE OBJECT ON THE SCREEN* 

1. JS THE IMABE A REAL IMA«C? 

2« Is IT SMALLER OR LARGER THAN THE OB<.(CCT? 

3, Inverted or erect? 

The distance from the lehs to the cardboard is thc fbcal lenbtn* 
Record this distance. 

Procedure: A. Object Beyond Twice the Focal Unbtm 

Place the light box and wire mesh 0 at the icro end or the MtrcR 

stick and the cardboard screen near the opposite end (Sff DwAORAM). 

Set the lens at a distance from 0 greater than 2 times the focal 
length (for example, 3 times). 

Move THE CARDBOARD UNTIL A DISTINCT IMAGE OF THE WIRE MCSH IS 

FORMED. Record the distance of the object from the lcns Oq aho ThC 

DISTANCE 0| OF THE IMAGE FROM THE LENS. 

Measure with a metric rule (or vernier caliper) the size or 

FIVE SQUARES ON THE IMAGE. RECORD AS S,. MEASURE FIVE SQUARES ON 
THE WIRE MESH AND RECORD AS Sq. 
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B. Object at &(actly Twice the Focal Length 

Move the lens so that it is exactly twice the focal lc^oth ot9^ 
tant rnoH 0. Locate the image, Recokd the distances. Again mcasurc 

riVC.SQUARES ON THE IMAGE* 

k. How DOES THIS IMAGE COMPARE IN SIZE WITH THE IMAGE FOAMED AT THE 
FIRST POSITION? 

C« Object Between the Focal Point and Twice the Focal Length 
Repeat the procedure with the lens at a distance rwM 0 equal 

TO ijr TIMES THE FOCAL LENGTH* 

3* How DOES THE SIZE OF THE IMAGE COMPARE WITH THE OBJECT? 

D* Conjugate Foci 

Leave the cardboard screen at the position found in the last 
TRIAL* Move the lens until you find another location for which an 

IMAGE IS FORMED ON THE CARDBOARD SCREEN « 

6* How DOES THE SIZE OF THIS IMAGE COMPARE WITH THE OTHER ONE FOUND 
AT THIS SAME POINT? 

Record the distances of the object and the image from the bCHS« 
7, How DO these distances compare with those of trial c? 
Two such points are called conjugate foci* 

To FIND the numerical RELATION BETWEEN THE DISTANCES OF THE IMABt 
AND THE OBJECT AND THE FOCAL LENGTH^ IT IS NECCSMRY TO CALCULATE 
THE EXPRESSION J_ + , It WILL BE SIMPLCR IF EACH FRACTION IS 

Do 0, 

REDUCED TO A DECIMAL AND THE TWO RESULTS ARE ADDEO* CALCULATF, THIS 

expression and carry out the result to three decimal places* 

Since the focal length of the lens was constant throughout the 
experiment, the fraction j[ will be the same for all trials« cxprcss 
as a decimal* ^ 

6. do you see any similarity between the results? 

To FIND THE RELATION THAT EXISTS BETWEEN THE DISTANCES OF THE 
IMAGE AND THE OBJECT AND THEIR RESPECTIVE SIZES, REDUCE THE FRAtTIONS, 

— AND , TO DECIMALS. 

Dt S| 

9, VAlAT 00 YOUR RESULTS INDICATE? 
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DATA 

Focal Lcnoth cm 
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jUI. 

Do Di 


1 
F 


(^) 


S| 

(cm) 




So 


A 


















8 


















C 


















D 



















Discussion: 



U Mkitc thc kclation which you found to cxist ron THE otsTANce or 

THC OBJCCT, THC IMAQC^ AND THC FOCAL LCNOTH. 



2« A CLCAR IMAQC IS FOIIMCD AT A DISTANCE OF 30 I Hi FIIOM A LCNS 
WHCN fHC OBJECT IS FUCED 1^ IN* FROM THE LENS. VhlAT IS THE 
FOCAL LENOTH OF THE LENS? 



3« Have you svek noticed that a much meateh adjustment of the 
camera lens fostton is needed to change the focus from 3 feet 
to k f£etj than to change from 2$ feet to $0 feet? can you 
explain why? 
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ASTRONOMY 
Lcvcl: High School 



ACTIVITY: Hobbics in Sci£NCe and Technology 
PkoceoUREs: 

A. Witnessing the Role cr the F;lm 

Find a camera with a removable 3ack« Fasten a piece or trans- 
lucent PAPER TO THE SACK OF THE C/.MERA WITH SOME TAPE# YoU MAY 
USE WAXED PAPER OR SOME TRACING PAPER. FlX THE SHUTTER MECHANISM 
SO THAT IT REMAINS OPEN AND THEN POINT THE CAMERA AT SOME DISTANT 
OBJECT • By MOVING THE FOCUS I K3 CONTROLS^ BRING THE OBJECT INTO 

focus on the paper» now^ focus on an object nearer than the pre* 
vious one* 

Did you have to move the lens forward or backward to focus? 



B* An important principle used in photography may be demonstratcd 
AS follows: 

Dissolve a few cr.YSTALS of silver nitrate in a half a test tube 

OF DISTILLED WATER* Aoo A LITTLE TABLE SALT SOLUTION. ShAKE THE 
TEST TUBE WELL AND POVt^ HALF OF VJX RESULTNNG SUSPENSION INTO ANOTNCII 
TEST TUBE. PlACE ONE TEST TUBE IN BRIGHT SUNLIGHT* KECP THE OTHEH 

test tube in the dark as a control* 
Describe your observations here* 



PHOTOrHr.M;CAL DF.MONSTRATiON 

From your teacher or FR0f4 the chemistry department, obtain a 

SOLUTION OF StLVER NfT^TE lU WATER AND THEN MAKE SOME SALT WATER 
BY DISSOLVING AS MUCH S*LT AS W': L DISSOLVE IN WATER AT ROOM TEM^* 
PERATURE# MIX THESE T^O CHEMtCALS TOGETHER: (AgNO^ + NaCL — 

AgCl + NaNOo}* The agiX, saviR chlo«»ioe» w?ll precipitate 

AMD WIL?. COAOULATt IF VQil HEAT IT SLOWL? w:TH A BURNER^ 

Filter th?s entire soiut!on amo the silver chloride will remain 

ON THE FILTER PAPER* Dpv TH?S PRECIP!TaTE THOROUGHLY WITH BLOTTING 
PAPER* 

Ih the middle of THIS BL07TING PAPER, PLACE A LARGE COIN OR OTHER 
OPAQUE OBJECT TO COVER A PART OF THE CHEMICAL^ NoW, EXPOSE THE PAPER 
TO A VERY BRIGHT LIGHT SUCH AS OURNING MAGNESIUM RIBBON* 

WhAT 00 YOU OBSERVE WH£N YOU REMOVE THE COIN? 



What does this demonstration show? 
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